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ABSTRACT

This thesis reports on the development and tests of a low cost automated telemetry
svetenl, This svetem daily transmits the last 24 hours of coliected duta froin a near shore

moored buov svstem.
Investugation mto the different telemetry modes resulted in sclecting a very high
frequency (VHT ) narrow band frequency modulation (NBFM) packet networking svs-

e Tne welvmery svatent features iine-of-wght propuagation, resistuiee 1o radio inter-

ference and mdludes a digital error checking reutine.
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. INTRODUCTION

A. BACKGROUND
1. Purpuse of data collection for the studyv of ocean currents.
Our understanding of the three dimensional ocean circulation in phvsical
OLCUn I Y resuliy resn the accumuiauoen o date ever the fest hundred vearss oo

provenments i duta collecnon techniques huve expanded our abiinty to scienuficaliv ex-
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read the cu rent meter recorders. Using a telemetry approach for near shore buov data
recoyery has several notable adventages:

¢ Darta collection can be in near rea’ ume {Jast 24 hours) for irput to prediction or
forecasting models.

e High resojution satellite (SST, SSM I ond AVHRR) data can bhe collected in real
time to coordinate near real time investgations of current variabilities, which were
detected through the use of near real time telemetry from a near shore buoy.

e Expendable moorings can be considered.

e Svstem operation &t the moo.ing site - an be verified dailyv to indicate any syvstem
changes resulung from hostile environmental impacts such as those caused bw
shipping, fishermen and the seas.

Recovery of occanographic data for use in near real time projects 1§ a,) impor-
tant and engomng cflort. Vartous occanographic mstitutions and federal agencies are
invoived in developing real tume Jdaty collection svstems:

e The Universitv Rescarch In: rative Pregzram (F'RIP) 15 a five vear Office o Naval
Rescarch tONRY funded program involving Woods Hole Oceanographic Institu-
ton (WHOD, Muessachusetts Institute of Techrology (MITy and Harvard. The
objectives gre to advence the state of the art m ocean lata collection using
telemetry, sateliie remote sensing aid numerical ocean modeling. Under telemetry
tiie aim is refrhic tansfer of dut from in situ oceanographic mstruments to labo-
arory computers {Froes 19870 Figure | shows some of the technical appreaches
being investuigated at WHOL

o Texue A&M University has an ongeing program to develop the abilitv to commu-
rieate remotedy with reoored or drilung instruments using transhornizon VHI
tetemer [Brooks, TusT)

e U.S. Department of Interior program for discenunation of real time oceanographic

duta for pubhic use und 1o develop an improved desceription and understandi g of

ovean circulution vang direct and indirect current measurenients of the continental
shelt from Northern Calitornia to Oregon [Ryther ez al., 198§].
2. Direct measurements of velocsty fields.

Direct measurenments of ocean circulations are obtained using recording current
meters moored at fined locations or from droguce and rifting huoys. Cu-rent meters not
onlv measure veloaty and direction, but can also measure temperatuie, pressure and
conductivitv. Moenared svatens usually have several recording current meters verticaily
<paced i the water column. The data sample rate 1s user selectable from minutes to
hours and 1s stored m a sell contained recorder until the mooring is recovered. Moored
istrumentation only provides information on physical parameters of the ocean at &
given location at w ziven time, and experience indicates that large variations i the ve-

loaits field can occur over smadl distasices as well as over smcll tme mtervals [Pickard

to
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Figure 1. Technical Approaches to Telemetry Buoys (Frye, 1987): Some of the
technical approaches for data transler from in situ oceanographic in-
struments are illustrated. A thesis objective 1s to combine the pop-up
buoyv with the acoustic telenietry buoy svstem.

et al., 1982}, The moored recording current meter systems are expensive both in terms
of the instrumentation cost and the cost of launch and recovery of the systems. As a
result, only a few institutions are involved in direct measurements and as a consequence
only a small proportion of the ocean has been observed by direct measurements using
current meters.

3. Telemetry options for oceanography.

Recovery of oceanographic data in near real time from buoys requires a
telemetry svstem. Many possibilities exist: subscriber svstems using polar orbiting sat-
cllites, such as NOAA'ARGOS systems or geostationary satellites.  The various types
of geostationary satellites include GOLES. GMS METROSAT/ATS systems.  Non-
subscriber svstems consist of hgh frequency (1F) for long range radio propagation, verv
high frequencey (VITE) and ultra high frequency (UHT) for line-of-sight propagation and

meteorburst for hnking stations to 2400 km. Figure 2 illustrates the telemetry options




for oceanographic measurements from offshore buovs. Nearshore telemetry is the least
costly of the svstems, because the line-of-sight non-subscriber svstems can be emploved.
4. Telemetry methods to recover direct measurement data in real time

Telemetry svetem designs vary as a function of physical and economic con-
streints, Phyvacal constraints involve the propagaticn path of the transnutted signal to
the shore station. which dictates the physical size and electrical power limitations of the
remote svatem. Econonue constraints relate to the availability and or adaptabilitv of
svstem equipment, user fees (if subscription is made to a tciemetry service), packaging
of the svstem and transportability of the finished svstem. Whatever telemetry svstem is
designed. the prime concern is adequate data throughput in ncar real time. Reliability
ol duta throughput iy a tunction of svstem selection and planning.

Swvatem seicction and planning involves sclecung the optimum telemetry oper-
atng frequency, operating mode of the telemetry svstem and selecting equipment hard-
ware and software. There are, of course, many telemetry schemes of varving complexity,
COSUana weefuiness whiaeh can be developed, but as a mumimum. all <vstems must take
into consideration the area coverage, maximum transmission path expected. terrain

consideratons along the path and the fever o reliabthty required for data throughput.

The design objective of this thesis 1s the development of a survivable telemetry svstem
for near real tine data coliection from a4 near shore moored buov svstem. The proposed
teleneiry svstem {or this thesis supports a line of moored buoyv svstems perpendicular

coavard 28 nm. The shore station elevation 1s 330 {1, which

r

to thv coast and ontending
provides o radio hne-cf-sight out to the furthest buov antenna, which is elevated to 7 {t.

The elfectveness of radio hne-of-sight telemetry depends on the .election of
frequency and the modulation scheme. The clectromagnetc spectrum s classicaliv di-

vided 1mto seven sections as seen i Table 1.




Telemetry Tradeolfs for Oceanographic Measurements lrom Offshore Buoys
Tvowcat Power Maform  cenaan Costs - -t tong Term Recerve
Tedemety Opnon Coverage Throughput  Requirement Locavon Hardware Per Month Per 84 Avalabiiry Swunon
. 4= tkm $820™ $0 0014 Not Required, But
ARCOS Wordwide’ 0.02-0.2 bps 1-10 bit /- 1km $2k $236™  S00004 Yes Available ($40K7 Wt
NA $102% $0.002 Limited Coverage?
ATS Hawaii 1o Azores.  0.)-1.2 kbps 0.5.1 Yot NA $6k 0 0 No NotRequired, 8ut
But Non-Polar Available {$5k}
COESMETEOSAT!  Worldwde Excest 0.2-2bps 1.2 ot N/A $3k o o YES Not Requ’
equired. But
GMSINSAT Polar Regrorns Available {$40k)
VHF (Lineol.Sigh)  10-50 km hom 0.3-1.2 kbps 0.02.0.% bit NA $t-2k [} [} Yes Required ($5k)
Recerve Savon
Meteos-8uret 2000 &m kom 1.20 bps G.1-1 pbit NA $5-10k o ] Unceruin Due  Required ($ 100k}
Master Suanon To Lceming
Hf Packet Variable U? To 1-30 bps 1-10 voit NA $2k ] o Yes Required {$10k). May
Worldwide! Future? Need Seversl
Inmarsat Sandard-C Workdwide Except  10-100 bos™ 0.3-1 it N/A 3510k O $0.00125" Yes Not Required
Polar Regons
Ceostar Coasal U.§ 01-10 bps® 00101 Ibit 4/-Tm  $k 345 30 00016 Not kKnown Not Required
NOTES:  {a}  Not cormnuously: ocbiting tatelice tel  Lower data 13'es. move power required at longer ranges.
) Basic charges are monthly: per bit chares are hawd on assumed (ft  More receive stations inCreases eificiency.
data throughout Marry users gee large lo 100%) discounts {0 Svstems will ex:st by 1988,
e} Ev2 sesi are required 10 obiain data via teiephone or tape. {h) Estimates
Y See Figure 2. {  Spread-spectrum technology, hence low power requirement.

Figure 2. Telemetry Cost and Throughput Options (Frye, 1987):  This thesis uscs
the 11IEF tline-of~sight ) telemetry oprion. 1U1s the least expensive system
and. although it requires some skill to assemble, 1t requires hittie skiil to

operate.  This thesis details the assembly and operation of a VI

NBEM packet telemetry system for use in near shore applications.

Table 1. RADIO SPECTRUM DIVISIONS: This table equates
the short utles for frequency to spectrum coverage.

I REQUENCY SHOR SPECTRUM
ATLTOCATION TITLE COVERAGE
Very Low I'requency VLF 3-30KH7
LLow Frequency LF A-300Khz
Medium Frequency M A00-3000K T,
ITigh Frequency HIT 3-30MIHzZ
Verv Thgh Trequency VT 20-300M T 7
Ultra P hgh Prequencey U A00-3000N T/
Super High Prequency SHTP T a0GlH

Minimum interference from beyvond linc-of-sight sources requires the spectrum

coverage to be VI or higher. Below VIHE, propagation is a function of solar radiation




which Jevelops and contrels the strength of lavers in the 1onosphere.  lonic lavers de-
velop at various cievations in the tonosphere. depending on the time of dav and latitude,
pernutung lower {requency wavelengths to retract back to earth as a skywave. Skvwave
propagation greatly exceeds line-of-sight and can propagate around the globe. The
1onosphiere can also ubsorb lower frequency wavelengths during periods of solar flares.
When the sun becomes too active, the ionosphere becomes cver-encited and absorbs
rather than refracts er reflects radio waves. VHIE wavelengths are too short to be re-
fracted by the ionosphere, but can, however, be refracted by moisture gradients in the
atmospheric boundarvy laver and produce extended propagation called ducting.  The

1

nunimum leve!l of interference for various frequencies can be found in Figure 3. Inter-
ference is classtfied as noise which can come from other transnussions, man-made static,
atmosphernc stade, cosne enussions and receiver temperature-induced noise.

Moduation schemes also mmprove interference rejection. Two primary modu-
fation sehemies gre useds amplitude modulation (AM), and frequency modulation (1M
AM varies the amplitude of the transnutter’s fixed frequency. I'M varies the transmit-
ter s roguiencey at o fived anipiitude. Basicallv, AN has a bandwidth which 16 twiee the
madulation frequency (frequency plus modulation is called the upper sideband and {re-
gueney minus thie modulation 1s called the lower sidebandy AN is primarily used below
VIHT because of 1ts verv weuk signal preformance and the spectrum conservation of the
AN bendwidtii, but AN 1s subject to any norse amplitude modulations caused by other
trannatters i the same bandwidth, atmospheric static, man-made statie, ete.. M has
a bandwidth which varies non-hncarly with the modulation frequency.  Narrow bhand
IANDONBENS has about the same bundwidth ws an AM tansmussion. Wide band 1M
(CWBE My can hase bandwidths up to 10 times the modulating frequency. Since I'M uses
frecuency doviations and not amplitude varaticns for demoduiation of the signall lirue-
fegva method of dipping the excess signal which contains amphitude variationsi can be
weed on the recenved signad to remove amplitude noise. The non-lincar nature ol PV
resuits in less efficient spectrum conservauon and, thercfore, is used for VIF and higher
frequencres,

PM s msensitnvity to noise 1s a posttive feature, as long as suflicient recenver gain

. e ey Y
IS Qv

able te ensure Iimnung, A\ second interference rejection mechanism s culied
captwre. Capture effect i1¢ the ability to lock-on to only the strongest signal. The re-
cenved stonad il be nterference free while captured and becomes uncaptured only when

the anterfering signad becomes as strong as the desired signal. As a results M haca

dGuoided advanta e over AM 1 ooverconming crosstalk and mtermodulation products from

8
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Figure 3. RF Noise in microvolts/meter vs Frequency (ITT, 1937):  This project
will operate on a Navy designated frequency of 143.075 Mllz, which 1s
in the spectrum arca of low aumospheric noise, non-urban and low

man-made noise environment.

other nearhy frequencies. I'M loses its advantage over AM (Figure 4), only under very
weak signal conditions. Normal propagation for VHI is line-of-sight and very weak
signal conditions for line-of-sight usually are not encountered in properiy designed I'M
svstems. When the signal-to-noise ratio is less than I, the noise can be capturcd over
the signal, but in AM. the signal just becomes weaker, with detection remaining possibie.

The advent of digital communications and microcomputer crror checkiag pro-

tocols has added a new dimension to reliable transmission of data between multiple
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Figure 4.  Modulation advantages (Pappenfus et al., 1964): Modulation schemes
vary in sensitivity to noise and in bandwidth occupation. In strong sig-
nal environments (SNR > 15 db), FM, especially wideband FM. have
excellent noise resistance, but at the cost of larger bandwidth usage due
to the non-linearity associated with I'M schemes.  This also results in
FM not being frequency conserving enough for HE. AM schemes are
frequency conscrving, but more sensitive to amphtude notse. In very
weak signal conditions, the caprure feature and phase modulation dis-

tortion from noise significantly reduce the FM advantages.

stations. By combining high specd microprocessors, memory and a system protocol with
low baud rate equipment, the fow data rate equipment can be multiplexed with com-
puter error checking code and telemetzred at a higher baud rate in the form of individual
packets of information. Lach individual packet of data contains its own error checking
codes and additional codes to indicate where in a message the data 1s to be addressed.

As a result, packets of data can be separated and transmitted by any means to reach the




final address. The receiving station contains the same microprocessor protocol system
and will assemble the packets in the correct order. 1f the receiving station detects un
error, or 1s nussing a packet, 1t will interrogate the transnutting station for a
retrunsnussion of a nussing packet and will continue this process until the data is re-
cerved error free. The data information content in each packet can be adjusted to meet
propagation or envircimental conditions, such as propagation fading in HF or ocean
wave motion affecting the antennz on a VHE telemetry buov. This svstem of digital
communications has become known as a store and forward packer switching network or
st packer for shert. 1he term packet was coined in 1965 by D.W. Davies of the British
Nauenar Phyacal Laboratory, [Horzepa, 1988].

The sostem «elecuen and planning involved to develop telemetry {or near shore

nworings is discussed in detadl in the next section.

B. SCOrPL
. Requirement for real time telemetered data
The Naval Postgraduare Schioel (NPS) is conducting a five vear rescarch pro-
crani on the Cabfornia Undercurrent off central Califormia. The features of the

Californie Undercurrent, and formation of jets and eddies are not well understood. In-

s

formation s needed to determune their extent, strengths. and core structure, and to an-
swer how and why the features vary by location and season. and what atmospheric
Lo ot seede as wind variauons, intluonce subsurface features. Wiath g real ume
telomerry systern providing data from current meters, any variability noted can be im-
mediately investigated using satellite imagery, ship cruises and weather buoyv data.
The Naval Dnviromental Prediction Research Facility (NEPRI). in Monterey,
CAL s develeping a capabhty to collect and archieve high resolution data from polar
orbiting satellites. The data will be Sea Surface Temperature (SST), DMSP Microwuve
Imager (5SM 1) and Advanced Verv High Resolution Radiometer (AVHRR). NEPRES
interest is to provide the ability to conduct time series research along the California coast
usng SST, SSM T and AVHRR data (Bovle, 1989). An adequately instrumented grid
of telemetered current meters aids in the utilization of satellite data and will allow
(Robinson et «/, 19864
¢ [or the first time, a real time dvnamical forecast of the oceanic undercurrents, jets
and eddies.
¢ Development of the methodology of nowcasting, forecasting and data assimilation.

* Developmient of methods of dvnamicallv interpreting direct measurements of the
rlivaacal fields n nearshore regions.




The present NPS svstem design 1s an array of recording current meters deploved
and recovered at six montn intervals. The proposed mooring sites are as shown in Fig-
ure 8. Ine recording current meter being used, the Aanderaa Instruments recording
current meter model RCMSE, sequentially records six 10 bit binarv words: a unit reference
aumber. instantaneous measurement of temperature, conductivity, and pressure, and
vector averaged current Jirection and current speed at a preselected interval (0.5, 1, 2,
5010, 20030, 60 or 120 nunutes). The recerder has a maximum record storage capacity
of 10,900 records, each contaming 61 data bits. Table 2 indicates the maximum de-

plovment time for each recording interval.

Table 2. RECORDING CAPABILITY OFr
AANDERAA ROMS CURRENT METER

Record . Mavimum
Records o
Interva! N Bits Per Dayv| Deplovment
P . I Ul asadn - . W .
{nuLes) : Periodiday s
120 12 700 908
(1 24 1340 434
R NN 25880 227
20 72 4320 151
1o 144 8640 75
s 288 172580 3s
2 70 43200 15
| {440 S6dn) 7.5
i s RASNE] 172800 J

The mimimum RCMS recording mterval for a six month deplovment is every 30 minutes.
This equates to 2880 bits of data per day. The RCMS i1s equipped with an acoustic
telemetry system using a 10-bit pulse duration code at 37 baud. Acoustic telemetrv is
reccived with an Aanderaa Instrienents hydrophone receiver 2247 which converts the
163854 HZ pulse duration code (PDC) format to an on-off keved carrier of 0 volt pulses
for a 27 ms PDC and -6 volt pulses for a §1 ms PDC. The voltage pulses represent a
O-brt for 0 volts and I-bit for -6 volts. Lach measured parameter 1s a 10 bit word. ¢
niessured parameters niake up a record, and each record has a syne pulse for a total of
Ol ity per record. A hardwire connection to the current meter can be made via the 2924

electric tervunal. The acoustic nterfuce capabiity has been rescarched by Frye of

In




WHOT wio has shown the Aanderaa hivdropione to be fess than opumum for reliable
data recover. hevond a 100 meters depth separation between the hvdrophone and the
RONIS Tewuing conducted as part of this thesis at sea ichapter 4), oft of Point Sur, CA
confirm that error rates significantly increase bevond a S0 m depth scparation between
the hydrephone and the RCMS. An amproved error checking hardware and software
svstem was developed, but was unable to overcome the acoustic path limitations of the
hvdrophone or the ROMS. Even with the Aanderaa hvdrophone error rate mitation,
the available Jdata can be exploited for radio telemetry of whatever acoustic signals the
RONS conder T data from the ROMS can be processed once per dav, then a near real
nme analvse o data can be achieved and tne advantages summarized previously could
be realized. The fuct remuns, the Aanderaa acoustic equipment is the weak link to an

eliceve dali rovevery Svstent.

URIP i rve, 19871 as evaluating an improved acoustic data iink for transmitung

Cotaovertiowd v o rom aomeorad mstrumant array to a surface buov. URIP wiil set a
caecticaion jor acousuc modem Jesign and solicit the URIP organization and com-
NLolelno vendors oo osubni acouste modems for tesung. This rescarch ellert shouid

proside anmnproved accustic Iinhofor interfacing wath this project’s telemetry svstem,
2. Design considerations to meet requirement
. Near shore buoy system strategies

Do e e deder e Thae imital design proposed i o buow
whncho can s e thie erviranent of the seu cdupping, fishing acuvity and the sex en-
vironmenth o Suriace riding buovs are phvsically arge, because of the reguirement 1o
suppors satets of navivation wids such as hights, radar reflectors and battenies, State-of-
theeart taiemetry systems for hine-of-sight svstems are solia state ~.nd small in size. Re-
meving the naagatona wnds feaves the contents of any line-of-sight telemetry <xstem
@ sl enough packoge to consider evaluating 4 pop-up buov package, which surfaces
once d dad to transnut the stored data at @ ngh data rawe and resubimerges.

The proposed pop-up buoy svsteny would consist of a submerged

platform at 30 meters beneath the water, providing clearance for deep draft vessels. The
subhnereed plhatorm wondd be the haghiest section of a finved moored recording current

meter sastenn. [towould contwn the Aanderaa hvdrophone receiver, data coliecting

comnuier, prhes
i

rinal nede controtler e NCYL batteries, wineh and a haul-down redl

utterion for the soerenn wondd b e the capacity to evele the winch once per dav for a
cvnenth o oepioaent. A Reler cabies with two parrs of 2N gage wires would Iink the

I N R RN ISR SR S
A S e he Lot

Siged plativom, The brov package would nouse the VT




STATION LATITUDE LONGITUDE QEEIHI DISTANCE

QFFSHORE
Pl . 36 20 N 121 58.5 W 100 M 7.5 K
P2 36 20 N 122 10.5 ¥ 800 M 25.0 KM
P3 36 20 N 122 28.3 W 1800 H__ 52.C KM
T — 38°N

N

San Francisco Boy

37°

15°
21°

--- MBARI CTD Section
* MBARI Mooring
wee= NPS CTD and PEGASUS Section
¥ NPS Mooring
1 ' |
122°
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Figure 5. Transect Mooring Positions off of Point Sur, CA: The project uses
mooring stations P, P2, and P3. Station Pl and P2 are well within the
free path propagation for VIIT radio linc-of-sight telemetry. Station P3

is at the edge of the (ree path propagation hnut.




transceiver, @ VI preamphiier. batteries and antenna. The buov would surfuce once
per dav to transput the daiy record of 2886 bits of data per current meter attached to
the nﬂ.@orm; The INC hos o data rate transfer of 1200 bits per second, but the data s
transferred in packets of 1196 bits (128 data bits umes eight plus another 172 bite for
crror cheching and addressing overheadi. A nununum of 23 transmissions are required
to send 2850 bits of data m the error free format (28N duta bits 128 data bits transmuit-
s Toral welemenry e e @ few nunutes and depends upoen how
MDY TCUALSDISNIONS are required to clear ali telemetry errors. After the finul trans-
nussion the buov woud be resubmerged.

<

Phos thosie will demonstrate that @ pop-up buoy svsteny 1« possihle

bocause of the snuall size of thy Fhe pop-up buot svatem wiil immprove
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Ficure 6. Tspical Shipping Density for the Point Sur Mooring Site:  The shipping
denary observed for two different three day periods over the transect site
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models have becn accepred »vthe Novy for use in the project on an assigned {requency
of T436TS MIL: The TNCure generic Tucson (Arizonay Amateur Packet Radio Cor-
poration CLARPY INC2 protocol units, winch are the standard for amateur radio and
becening a stmdard for compmercial radio svstems using digital data transfers at 1200
hauds The single board computer selected is a Tattletade Model TV data logger computer

o Onvers Compurer Corpoi™ Fahnouth, MA).




< Low cost Unit cost of components 1s alwave an smportant fuctor.
Componenrs with

; . chestabhinhed velume markets help to ensure lower costes Amutour re-

Goreguoroent s very senhitoated and at the feadimg odge of connnunications weahne
CovLowhne remuening at @ low cost relative to commercial grade equipment. TNCs were

Conuiactured Dy amateur radio operators to keep the costs fow and comimeraad mun-

rers who cupport amateur radio huve kept their commercial nro
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b.  Procedure for automated telemetry

Thie heart of an automated syvsten is a computer that can keep track of time
and abihy to sequence other egquipment 1 response to programming and external
signals. The Onset Tattletale Model I'V contains an internal counter that is incremented
every I 100 of g second, and uses a clock vanable that s incremented every 10 ms. The
clock varnable counts 1 hundreds of seconds and overflows at about 200 davs. Pro-
crammuny of the clock variable cun provide time and date of occurrences of events and
can also cause events to take place. On shore, comparing telemetry transmission time
to the computer’s telemetered clock vanable time will provide a relative measure of the
computer’s time stabijity,

This aqutemated svstem is preprogrammed to have twe mun functions,

ol The first s 1o monitor the  Aanderaa hvdrophone  receiver for

1

puices. The hyvdrephone only sends out 27 ms and §1 ms pulses on triggers of 10,384
e nowe, enthier spunious or intentional.  Intentional transmissions are m a delinite <e-
gquence and e spuang. The computer s progranuned to ditferenuate spuricus signals

1
|

froin sequentied hvdrophone signals. Once an mtentional signal 1s stored, the comput

~
-1

]

Wil aiop monitennyg the hvdrophone for 737 of tie mterval timer setting preset in th

~

KON,

Phe second function (s the telemerry of data to the shove siaiion. When
posier s anniied to the Onser, the stored computer program (Which remains in menion
when pover 18 ofb for up to 6 months due to a 3 volt lithiun battervy 1s enecuted. The
stars date 1o T L SO at oooo.oo] hours, unless changed at the time of power up vie the
RS232 nort. On power up. mitialization sequences are programmed to set variables and

: I | RS

start the once per dux telemetrv. With 1o mput output digital ports and 11 anaing w

el channels, the avtomation can be quite claborate. The present arrangement uses

the dizital input output lines to: 1y wurn on and off the VI transceiver and preampitficr

and TXNC, 2y Joak for packet connecied signals und pocket acknmsledge signals from the
INC) Xjeok for hvdrophone receiver inputs. One analog to digital channel s used ¢
ncavare the tratsceivers siond to noise devel during the evaluation peried. T uture ane-
1

log to digital connections can be used to measurc internal battery voltages or any other

envirorniental parameters which mayv be dedvred.
Detadic on the particular automation features are discussed m greaicr

e secnons to follow,




¢. Review of reasons for selecting VHF NBFM packet 1elemetry

Previous sections contained an overview of considerations for selecting
Iine-of-sight tefemetry. This section reviews in greater detail the technical considerations
for why telemetry on the VHF spectrum, using NBI'M with the packet data transfer
mode. 1s the best modulation schemc for line-of-sight communications to near shore
buovs. It is important to understand the technical considerations so future modifica-
tons have a benchmark to deviate from when making decisions to change frequency.
modulation scheme or the data transfer mode.

The URIP 1< tasked to evaluate various high data rate telemetry schemes for
getting duta froni a surfuce buoy to shore. Theyv intend to develop new technologies
tFrves 1957) By providing sutficient detail on the technical considerations for this
project. changes can be addressed rationally.

fle Techwicdly seund. Under the URIP program at WHOI, the
telemietry project team enperimented with a digital packet radio hink on an assigned VHE
channel of T-ay230 Mz Thas frequencey 1s just outside of the amrateur radio band of
[42 1o 145 MIHz0 The amateur equipment is inexpensive, easily attainable and is capable
of operating between the frequences of 140 to 130 M1z, Packet TNCs. which were
developed by the amateur radio community, were also purchased aud wsed. (Briscoe et
CREE AN

Prelimunary experiments by Brooks (1983, found VHE telemetry
svstems well surted for use i near shore applications. He found the equipment to be
imexpensive, relauvely simphate and found to huve widespread applications to open
oceun as we ac near shore ocean studies. The real time capabihty atlorded by this
equrpment has a definite advantage for accessing data and monitoring instrumentation
wellare, Hhs expernments demonstrated how the real uime feature is verv useful in
<howing unexpected current fluctuations. The experiments invelved VI NBEFM
cquipmient, and used the 37 baud signal from the Aanderaa current meters to audio fre-
gueney shrft Key oATSKo the NBUM transontter. He was concerned with under utilizing
the receiver bandwidth. Shannon capacity theory (Schwartz, 1970y addresses this efli-
cieney as channel capaaty thits second). which 1s hnmuted by bandwidth (117). The signal

b b addinse Gaussian noise as {ollows:

C=1l"Intl + SNR)




Statistically, the closer the bandwidth(W) is to the channel capacity (C), the lower the
signal to nioise ratio (SNR) can be and still maintain a virtually error-free digita! wrans-
nussion. This theory indicates that a hinear increase in bandwidth, while maintaining a
constant channel capacity and constant Gaussian noise level, results in an exponential
reduction in the required signal strength. By using packet with 1200 baud AFSK to
modulate the NBEFM transmitter, the signal bandwidth approuches the receiver band-
width, resulting in eflicient bandwidth usage.
12, Operating frequency and frequency allocation. Line-of-sight telemetry
is optinized by using the VHF spectrum for the following technical reasons:
e [owest interference (noise) is in the 140-150 Mhz Spectrum | Figure 3].

e [ree-space transnussion attenuation ( o ) is a function of frequency and distance
[Hamsthier, 1967 Thgure 7 18 a nomogram of o, This shows that for a given dis-
tance. the higher the sclected telemetry frequency the greater the line-of-sight at-
enuation.

o =33+ 20loglFreq) =20 Jogl Miles)
Noter Addittonal losses occur when the curvature of the earth 1s between the two
antenna line-of-sight paths. see I'imk, 1957, for losses bevond the hne-of-sight.
Por the vhove rewons a frequency allocation was requested and approved in the 140-150
MHZ spectrum. This frequency spectrum has an added advantage that inexpensive
telemetry equipment 1s also available for the 140-150 MEZ spectrum.
“300 Signal to noise *SNR O envivenment.  Maximizing SNR attempts to
cet the maximum information with the least degradation {rom noise. This 1s done by
severws methods, the sinplest being to increase the transmitter power. This can be done
onlv if vou cun alford the exponentiai demand on eiectrical power.  ~dditionally,
Shannon capecity theory statisticuliy states that if the channel capacity 1s fullv occupied
by duta using @ proper encoding scheme, then the SNR reguired is Tow. If the channel
is not fully occupied, then a higher SNR 1s required to ensure error-iree transmission.
This demonstrates the relationships between hinear change m bandwidth and channel
capacity, to the exponental change in signal power. Finally, the choice of the modu-
fetton schemes wficets SNRU Frgure d ilustrates that under equal carrier power, with
Ioor. modulation and equal receiver noise figures, FM has the advantage over singie
side band 1SSByand AM. However, under very weak signal conditions the M advan-
o< are lost [Pappenius ez ol 1504).
SNR 1< not alwavs the most important requirement.  Information

CAtemns Use entrept as oometne for measuring the information content to be transmitted.




d=
disionce,
km  miles

400}
300200

-4

200

{100
|oo:1"

-~

50—
404
30~

-4

20—

a:

ottenualion,
db

wavelength, frequency,

Az

cm

f=

Mc
1—1—30,000

-
.--1~20,000

—~100

Figure 7. Nomogram for Solution of Attenuation = Between Isotropic Antennas

(Fink. 1957):

The most limiting contributor to line-of-sight operations

1s the height and distance between antennas. This nomogram illustrates
the expected losses due to distance to the rindio herizon line-of-sight.
The solid Iinc is the o for this design and the dashed line is an example
of o at radar frequencies. The higher the operating frequency sclected

the great the losses.

Latropy is a staustical evaluation of information and the probability of uncertainty as

- to the cutcome. The higher the entropy the lower the uncertainty in a svstem. As an

example, the English language has a high entropy compared to a non-error checking

19




coded language. In the English language, as many as one third of the letters may be
omitted and the message usually can stll be determined. In a non-error checking coded
message, however, cven one nussed letter can change or destrov the message. Conse-
quently, redundancy is an important element used to combat the eflects of lost signals
due to poor SNR. SNR for this project 1s maxinuzed by having the data rate capacity
approaching the receiver bandwidth and using the M scheme. Entropy is not an im-
portant consideration when using the packet error checking protocol, because the packet
protocol can be adjusted to overcome either poor SNR or error rate by readjusting the
transmussion length and retransmission cyvcles. With packet, the low entropy of each
packet transmission requires a noise-free environment, but the error checking svstem
requests retransmissions 1f there are noise errors occurring. The error checking scheme
now permits &4 low entropy svstem to operate in a higher entropy mode, with more tol-
erance for noise interference at the sacrifice of lower data rate throughput.

‘Ao Data transter mode compatibility. Several methods are used to tele-
meter data. Analog data telemetry, the first method used for a long time. was subject
to noise and drift Improvements were made by converting analog signals to digital
format, resulting i reduction of the notse and drift problems. Digital formats required
a modulator and demedulator (MODENM) to improve trunsnussion and reception of
digitad signals for direct input to computers. Modem designs require evaluation. Some
modems operate efliciently in high noise environments and others do not. Thi¢ is & de-
sign hmttation and not & concept hmitation, (Brooks, 1983)

The combination of microprocessors, memory, software and modems
resultsmn an errer checkimg store and forward digital duta protocol. Packet data trans-
fers are part of this now technology. Packet was designed by the amateur radio com-
munity to operate at near the chunnel capaaty of the receiver bundwidth. The result 1s
that almest all VI NBI M transceivers used by the amateur community are compatible
with pachet equipment.

25 Lgwipment aeailabiliy. Experiments to date by Brooks (Texas A&\
(Brooks, 1953+, Briscoe (WHOD and Frve tWHOI )} (Briscoe and T'ryve. 1987). have found
that telemetry sy.temis can take advantage of the inexpensive amateur radio equipment,
and use packet TNCtor an eflecuve error-free, real time data collection svstemi. Their
apphications focused on greater than line-of-sight telemetry. By using the refractive
properties of the teniephiere for HIE they could cover several thousand kilometers and
hy refractive propertios of the marie boundry laver for VHIE and higher frequencies

they could tuke advantege of anv trapping lavers, This thess will use the same tyvpes

Rl
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of equipment, but will specialize on developing a reliable line-of-sight only telemetry

svstem which is small in size, has low power consumption and is low in cost.




II. HARDWARE AND SOFTWARE DETAILS OF THE AUTOMATED
DATA AND VHF NBFM PACKET TELEMETRY DESIGN

Project development focuses on small, light weight, low power and inexpensive
equipment for usc in a pop-up buoy designed to provide data from near shore moorings.
URIP rescarchers are also investigating this same approach to develop similar system
designs. The commercial market has various telemetry designs. ENDECO Inc., Marion,
MAL sells an "HAdaprive Packer Telemerry System.” The ENDECO system works, but 1s
not designed for use in a pop-up buov svstem or for use in listening for Aanderaa current
mweters over an acoustic ink. The software 1s proprictary and 18 not easily adaptable.
Othier companies, such as REPCO Ine. of Orlando, FL, will provide discrete equipment
modules for developing svstems using a fixed {reguency and provide their own modem
custeimis. Researchers in VITT telemetry are not becoming product specific. but are using
pubiic domain packet software and equipment developed by the amateur radio comimu-
nitv. This project will discuss in detail the hardware and software interfacing for a single

buov and station, expansion of which only requires building more buovs.

A. BUOY SYSTEM PACKAGE
The bucie teiemctry package 15 tlustrated in Tigure 8. THustrated is the buoy pack-
age and the shore station major components. The buoy contains a simgle bourd com-
puter. packet TNC, radio transceiver, radio preamplifier, power supply, antenna and
instrument package mterfuce. The shore station uses w generic computer capable of
RS232 interfucng, packet terminal node controller (I'NC), radio transceiver, radie pre-
amiplifier. power supply and a high gain antenna.
The cequence of cquipment operation is as follows:
e Single board computer on buov stores data from the instrumentation package and
controls the time of telemetry transnussion (once everv 24 hours).
e When the time for telemetry oceurs, the computer turns on the TNC. transceiver
aind preamlifier. The computer then will inttiate a telemetry connection foop to
the shore stution.

e JThe shore swation 1s alwave monitoring for a connect sequence to a specific
nooring or mooriigs wdentified in its program. Once connected the shore station
aeeerts onvoerror free datas I the data has an error. the shore station wili request
a retransnassion ef the Jduta.

e [he buovy computer chechs the TNC to ensure all data has been sent and then -

.y e TR N BN
Utos oo s st esianneet.
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e The shore station disconnects.

e The buov computer secures the TNC, transceiver and preamplifier on disconnect
and resumes imstrumentation monitoring.

* The shere computer remains on standby for future transmissions,

The remaining section details the individual components, software, functions and
purameters used in the svstem development.
I.  Automated data logger and system controller
The automated data logger is a single board computer made by ONSET Com-
puter Corp. ol N Palmouth, Moy called @ Tautdetale Model IV (TT4), (FNigure 91 The
TT3 has extensive versatility in a small package and low power requirements. The fea-
tures of the computer arc:
e 32K for programmung. variables and storage
o 11 chicnnel, [0 bit A-D ratiometric converter

o 2

n

. o -
‘.

X 37237 X 087 phyvsical dimensions
e 2-15ma «t 9-12 volt power requirement
o Tattletule BASIC operaung svstem (TTBASIC)

o DBattery backed RANM

The only modilicauons required for use in this svstem are adding protective
wntgtiaon crcnitre and inreerating the RS232 electronies from the RS232 interfuce ¢ahle
(CTC-= crte the breadbourd (PR-4). The protective circuit diagrams are iliustrated
Pizure o

The 115 is casily programmed using any computer with a RS232 conncection
and & generic modem program. The program used for communicaung with the 11415
PC-TALK I tfreeware program from an IBM PC public domain library). Communi-
ciiion parameters are Y600 baud. panty n. data bits § and stop bit 1. The TT4 1s set to
Y600 baud by executing the following line: N=16 : ASMX,DBS. The 9600 baud is used
to communicate between the TT 1 and the TNC 1o muximize monitoring efficiency of the
T4 TTBASIC v omedificed BASIC language) or assembly language can be used to
progiam the 11

Programs used in this project are all written in TTBASIC. Appendices B, C,
Do oand Toare sample preject related programs.  File programs are stored 1 a
PC-TALK HT file, and can be up or down-loaded to the TT4. Once the program is

i

lenied the battery bached RAM will maintamn the program for up to six months without

R
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BUQY SYSTEM SHORE STATION SYSTEM
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Figure 8.  Block Diagram of the Basic Tachel Telemetry Systeiu:  Lach block is
an individual piece of equipment required for one telemetry net. This
svstem can have ! to 30 or more buovs interfacing with a single shore

station.

external power applicd. On application of external power, the foaded program executes.
Appendix B is the primary program listing, with remarks. When the program is loaded.
the remarks arc removed by the 114, The system operating program is biock di-
agrammed in Figure 11,
Hardware mounting configuration is illustrated in Appendix G.
2. VHF NBFDMi transceiver

The transceiver used in the pop-up buoyv design is an ICOM-02AT (ICOM),

from 1COM Inc., Osaka, Japan. It is a small, light weight, frequencyv synthesized,

handheld transceiver,  The specifications, listed in the Appendix T, are the typical pa-
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Tattietale Model Y

Figure 9. Buoy Computer by ONSET: The TT4d is the automation controller for
the buoy svstem. ft 1s programmed in TTBASIC with a battery-backed
RAM for initiating a program start-up, if power is remove and then re-

apphed.

rameters expected {rom most handheld transceivers used in the amateur and commercial
apphlications. This particalar transcenver was initially purchased, because it operates on

any frequency from 140-152 MI7. Experimentation on the telemetry design was con-
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Figure 10. Protective Circuitc Between TT4 and Interfacing Equipment.

ducted in the 144-148 M7 amateur radio band, while awaiting a designated frequency
from the Navy. A frequency was requested between 140-150 Mz, and alter eight
months of processing by the Navy, an assignment of 143.675 M1z was approved. Ap-
pendix I, illustrates the requesting message and the approval message. Navy pulication

NTP-¢(B), Annex D, ¢covers message iormats and procedurces. The ITCOM-02A'L and the
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Figure 11.

114 System Operating Program Block Diagram:

Svstem block dia-

gram outlining the major program logic steps of the program in Ap-

pendin B.

shore station transceiver (1CON[-28\) are amateur radio equipment which the Navy has

accepted for operation on mihitary frequencies.

Scveral modifications are required to prevent malfunctions during deplovment.

All contacts and connectors are removed and replaced with scldered wire connections.

rD
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An additonal connection was attached to the signal-to-noise (SNR) metering circuit for
evaluation and performance testing. The SNR modification 18 worth mentioning., be-
cause 1y was used to venfy system performuance when design changes were made. The
SNR was wired to an analog channel on the TT4 und by programming the TT4, SNR
values were attainable. The SNR tap is shown at a point just before the hmiter stage
of the integrated cireuit 1C201 in Figure 12, between diode D202 and capacitor C201.
At thswirnyg point @ long jumper wire can be found, which runs across the bottom of
the ICONL
The TCON control settings are preset as follows:

e Power on

s Volume between “0-100mMy

e Squcichoon

e Power setting high

o Jroqueney setand locked on 153073 Milz (internal battery back-up)

Upon apphaation of power {rom the T4 ¢see Fieure 103, the ICOM comes on at the
proper presets. The preset that can be the most dithicult to set 1s the squelch. Tt must
ho adjusied Just il eriough to cut out all the background nome. This can present o
probiem w that the setung in the lab and at the meoring site mav be quite different and
may e opaive oo pre-deploviment chiedk before launchimg the mooring (this has not been a
prodbientior the Point Sur, (A <o,

e TCON consumes 35 ma during squelched recenve and 1300 ma dunng
tansnat. Actual transmit power transnatied is @ function of battery voltage. The higher
thie voluage the tngher the power ¢13.8 volte = S watts and 7.2 volts = L3 wattsy, The
TCOND eperaees onin about 5 munutes per dave Thy test section discusses battery se-

fecuion consderatons {for muvimum power output under surge loading conditions,
Plardware nivuntng conliguration iy illuatrated in Appendin 1.
3. Packet terminal node controller (TNC)

The TNC selected for the pop-up buoy s from Packet Radio Svstems, Inc.
fPac-Cornmoof Tampa, L and s cadied the Micro-20 This TNC was choswen based on
1re e tiities and ix'. rarticular, hecause the CMOS integrated cireuits onlv consume
S0 mas dhere are many brand< avarlable, but few operate at a power consumption as
low av e ma Most brands have Jurge RAM capaaty for the store and fornward protocol
funcuon., This TNC hao 32K RAM and will store the 9000 baud duta from the T4

dJunng the noer up penod of the TNC The TNC Las muaple baud rate setings
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Figute 12. SNR Wire Tap:  Wire tap point is ilJustiated and can be located by
remosing the back cover of the ICOM and tapping into the wire, which
runs across the botton. The schematic only shows the circuit section

of 1nterest.

available for connection between the computer and the TNC (9600 baud used), and onc

baud riate between the TX and the transceiver (1200 baud).




Several modifications are made to replace connectors with soldered connections
to minimize malfunctions during deplovment.  Additional connections (connect staius,
pin 1oon the DB-Y connector and wnacknosswledged packets pending status, pm § on
modem disconnect header J3) are routed from the TNC to the TT4 for automation
management of the teleme.ry sequence (see Iigure 10 for protection circuits between
INCand TT4

Instructions exist for each brand of TNC for setting the incoming audio level,
outgoing deviaton level, baud rates and the extensive protocol command list. The svs-

y flexsbility resides in the command list structure and does require familiarization to
tane fun udvantage of the capabilities. Default setrings are preselected to nrovide for the
most general apphications.  Settings differ for each moornng and shore station.  The
flonibiliny of the packer protocol lies in the extensive command structure.  To guin
roavimum data throughput requires fanuliarization with the proper selection of the pro-
tocol commuands, The commund settings are input to the TNC on the 9600 baud com-
puter connedtion using the PC-TALK T software program. A battery back-up in the
INC Reeps the commiand setungs in memory after power is removed. The recommiended
changes to the TNC protocol default setungs are listed in Appendix K. Hardware
meuntns contguration s dluatrated m Appendix G.

4. Antenna

Thie teleniery antonna used s an unbalanced hybrid dipele ctransmission linie is
anunbaluneed coaxial cabie vice a balanced paraliel feed ey, The unbalanced antenn
esuits moa shight degradution (0.3-0.5 db) 1 performance over the balunced antenn,
butthe unbalunced sostenn iy devirable because 1o provides @ significant nnprovement i
structural reliabihty over the balanced antenna feed pomnt svsten. (Shaw, 19730

The unbulanced Tovbrid dipole has the following features:

o Rugeed design

® N0 huidncing networks

¢ Couniul cable feed runbalunced S0 ohmy

* [ ow angic of rudiation
¢ Constant unpeddine
¢ Groand plane mdependent (antenna currents balanced without a ground planc

SLTUCTATS

Ty antenne s not commiercially avalable and requires mternal manufacturing

usene the specncanon o Digure 130 During the project testing period, @ less rugged




unbalinced hvbnd dipole design was used. The final antenna will be made from stainless
steel and tuned for the newly pending frequency assignment of 143.675 MHz.

Antenna herght factor caleulations are used to determine svstem performance.
Ucualhy svsiem performance tmproves by increasing the antennas height ahove ground,
caeept over the ceean. e ocean s an excellent radio {requency (REy retiector, where
as. the ground (soil) acts as an RF attenuator. The result is that antenna gain is de-
graded between one and four wave lengths above thie ocean surface before anv height
cam occurs. This is because the RI reflection off of the ocean results in indirect and
dioect RT interference to cancel the guin near the surface of the ocean (Figure 4y As a
result, an antenne placed at one wave length (2.08 m)y has as much gain as an antenna
at four wave lenoths (832 my, and wave fengths anvwhere in Setween ondy cause Joss
of performance. Conseqguently the antenna herght will be 2 m above the oceun.

The verocud radiction puttern of w motonless vertical. unbalanced hvbrid dipole
s shown s Froure 150 The parasitic element (stuby on thie antenna canceis undesirable

cdance of the antenna eShaw, 19730 This nummuses

oL s s the

the miluence of the oceun acung as a ground plane. thus reducing antenna pattern dis-

R RPN
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B. SHORE SYSTEM PACKAGE
I, Automated data collection

Ihe awomaned dute conecuon for the shore sietion is block outlined in
Figure S0 At the Pomnt Sur, CAL shore station, the transceiver, TNC and PC-NT type
cemputer will be conunuousy momtoring for the packet transmissions from the
Mmaornysior e svsien, can be further automated for turn-on near the time for moering
transnnssions . The computer can be uny RS232 compauble system. FFor a PC-NT
SUMOIL GO UINAHe connmunications software program s DIGIPAC T by Kalt and As-
soviates of Anchorage, AL Othier programs cuch as PC-TALK TH can be used. but for
actudl makct telemetrs, which can support muitiple svstem telemetry connections, a
o ovam spechoaiy designed for packet TNC communications, such as DIGIPAC,
recoramended.

Thicas a hands ot svstem. which can be as simple as collecting the computer
PUIL LTS of s compheated as an automatic phone modeny connection to relay data to
a remote computer. Teare 1o dliustrates one tvpe of computer setup used for testing

hevreon Pomnt Sars O and the rescardh vessel Paoint Sur.
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Figure 13,

Construction Details for the Unbalanced Hybrid Dipole: The hybnd
dipole design is from Shaw, (1973). It was dcsigned to perform in ma-
nne and mobile applications without the requirement for a ground
plane. For 143675 M7, /=208 meters. Constructed of stainless
steel, with plastic insulators. Silicon sealant filfs all voids to protect the

exposed sections of the RG 176 coaxial cable.
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Figure 14.  Antenna height gain differences over the ocean (Jasik, 1961): Antenna
height gain diflers over the ocean. The wave length for 150 M1z is 2
m. Note that between one wave length and four wave lengths there is

a loss in gain. This project will use 2 m lor antenna height.

2. VHF NBFM transceiver
The transcever used f{or the shore station is an unmodified 1COM 28A. ifus
unit can be tuned between 140-150 M1z, has 5 and 25 watt power output selections (235
watt selected) and operates on 12 volts DC. Sclection was based on 1its frequency cov-
erage, cost and prior approval for use by the Navy on military {requencies.
Three connecctions required are: 12 volt DC, antenna, and the transceiver to
TNC cable. The construction details for the cable are generally included with the TNC
instruction manual.
3. Packet TNC
The packet TNC is a Pac-Comm model TNC-220. This unit operates on 12
volts DC., connects to the computer’s RS232 via a DB-25 connector and has two radio
ports {or the flexibifitv of operating on two diflerent frequencies (if given two frequencics
to operate on). There are no modifications required. Connection procedures and system
adjustiments are {ullv illustrated in the instruction manual.

For telemetry, the default command settings are listed in the Appendix K.

These command sets are set by the PC-XT using the DIGIPAC program.
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Figure 15.  Elevation Radiation Pattern of the Unbalanced Hybrid Dipole (Shaw,
1973 )

4. Antenna
The antenna used for the shore station is a high gain, narrow beam, vertically
polarized antenna by Cushceraft Corporation of Manchester, NI, model 230 WB
Boomer (Figure 17). Specifications for the antenna are listed in the Appendix J. This
antenna directs its pattern in a narrow horizontal beam down the line-of-sight of the
moorings to be monitored ofl the Point Sur, CA, transect (Figure 5). The antenna is
constructed of aluminum and stainless steel fasteners and has a total weight of 22

pounds. The antenna is subject to salt water corrosion, but considering its cost ($200),

RE!




Figure 16.  Initial Telemetry Experiment Between Point Sur. CA. and Research
Vessel Point Sur:  The inital telemetry test used an 1TCOM 28A, Puc-

Comm TNC 220 and a Commodore computer svsten.

1tocan be replaced annuadly or for cach mooring evde. Regular antenna replacement
WL CHSUTC IUNENU Performance,

At Pomt Sur, the Coast Guard must authorize any installations on the tower.
The park ranger at Pleitler Big Sur State Park. Big Sur, CA. should also be contacted to
cricure that the proposed antenna structure is not offensive in appearance. The tower
s nlustrated i Figure I8 Preliminary mguiries indicated that both the Coast Guard
and the Park Service will support this project.

5. Site selection
Poie Sur, O was sefected as the site Tor the shore station, because 1t 1§ neariy

inonne to the meeonng transedt seenn Fioure 30 Duning the two testing periods, aceess




Figure 17.  Shore Station Antenna: The antenna is a high gain, vertically
polarized antenna. It is a light weight, low cost, aluminum structure.
Salt air corrosion will require annual replacement in order to insure

maximum perlormance. Specifications are listed in Appendix L.

was gained to Point Sur, from the Pleiffer Big Sur park service. Liaison was established
with the head ranger, (Tex Ritter) and the Coast Guard, Monterey, CA, to secure sitc
usage on the tower. Site usage is highly probable for a future installation, but must first
be cleared with the Coast Guard Engineering Section in Alameda, CA. Clearance re-
quires forwarding the telemetry system specifications indicating type of antenna, antenna
gain, antenna beam heading, proposed position on the tower, transceiver power and
frequency, to the Coast Guard via the park ranger. The assignment of an operating
frequency has taken eight months and has been the longest lead time requirement for
this project.

This site should provide satisfactory operation out to point P3 in Figure 5. 1f,

for some rcason, this site 1s unsatisfactory, the foot hills behind Point Sur could poten-




Ficure 18.

Point Sur. CA. Tower:  This 18 a two section photo of the Point Sur

swers Dinald dlearances through the Coast Guard and the Park Service

Ao reguired 1o complete the antenne instefiction. Installation point is
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Pair of vigl antennas,

Cobeouseds Dhis vteosoat 1200 fton Litde River Thil (bigure 19). which 1s much
ardd thereloare provides @ betier hine-of-aght distance to the moorings. igure 14

tho froe otk loos mevanum range berween two antennas, wineh dlustrates the

cobenvesn Dot Sar oot cesation of 30t and Litde Rver il at 1200 [t

coscees rolcsd o bigure T Boaronmental condinons, such ao boundary laver -
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Figure 19.  Topographic Map of Point Sur and Little River Hill: The Monterey
County communications site on Little River Hill is a possible shore

station back-up site for monitoring the mooring transect.
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IH. ENVIRONMENTAL CONSIDERATIONS

A. METEOROLOGICAL CONSIDERATIONS
1. Electromagnetic propagation

Telemetry operations in the VHE spectrum are subject to three conditions which
Coutroi tie range of a propagaied signal: t) pounaary laver gradients, 2) trapping anu
s} line-of-sight. Line-of-sight is the commonly selected propagation mode between two
antennas i the VHE spectrum and 1s the mode this project will use. The other two
modes are atmospherically conlrolled, but can aflect line-of-sight propagation by creat-
ing multpath conditions resulung from bourdary laver relraction interference and can
potentizliv hamper FM recepuon. The marine boundary laver can also effectivelv ex-
tend the radio horizon by providing conditions of super relraction (trapping). Atmo-

b

spricric inversions and passages of frontul weather systems provide unusually long range

~
Propacation Via rapping.
a. Line-of-sight

Tiie most reiable VHIT propagauon iz line-of-sight via the {ree space

trensndssion path. Only cases of sub-refraction, at the edges of the {ree space trans-

mussion nath, will reduce propagation conditions.  Atmospheric index of refraction (V)

18 @ function of absolute temperature (17, pressure (£ in mb) and moisture content (¢}

dnd

v evpressed 1 the fornu
N=T7T.06(PIT)+ 373 x 10 ¢ [7)

The verncal gradient of N icrin terms of ¢ instead of ¢ where ¢ = 0.622¢ 1n gm kg and

is the water vapor mixing ratio):

dNjdh = c{dPjdh) + c:ldy;dh) + (.j(dT/d/l)
0.3

70

il

€

e

¢ 2

“

c;=-13

The classification scheme developed for the Navys” Integrated Refractive

[ffects Predicuon Svstem (IREPS) classification defines four refraction conditions using
o Subeyetraction dN dho» O per kin (reduced propagation)
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® Normal (stundard atmosphere) dN dh = 0 to -79 per km (normal propagation)
* Swuperrefraction dN dh = 279 to -137 per km (increased propagation)

o Trapping AN dh < -137 per ki (greatly increased propagation)

Figure 20 iilustrates the IREPS classification.
b. Boundary layer

The marine boundary laver has a large moisture flux at the surface which
garany deaeases Wills Leglit, resulting in larger ¢ gradicats near the surface and
smaller temperature gradients. The reduced mixing in the boundry laver causes larger
gradients. The moisture flux from the ocean to the atmosphere is essentiallv confined
tc the thickness of the atmospheric boundary laver, which mayv range from a few hun-
dred meters to several thousand meters. Refractive conditions exist where the ¢ gradi-
ents are large at the surfuce and decreasing with height. Weather anomalies cause
changes to the refraction conditions. Cold, drv, continental air moving oflshore over a
wiurm ocean produces the most intense cevuporative moisture fluxes. When this situaticn
Is accompanied by a stable boundary laver, the vertical turbulent mixing is suppressed.
which favors trapping of propagating electomagnetic waves. Warm moist air {lowing
over cold water can provide favorable propagation if fog is produced i the surfuce
bouanaur, 'rver. In such cuases, the lower atmosphere is completely saturated, waile the
wir above mav be consiaciablv dryver, resulting in sharp gradients of g and potentially
strong refre uoen. (Brooks, 1984)

The marine boundury laver conditions ofl’ of Point Sui, CA, seldom cup-
ports a sub-refraction condition. However. a long term study is needed to inve-igate
the influence of mulipath refruction conditions when trapping conditions exist.  Line-
of-sight communications can be expected under all other conditions. The height of the
antenna on Point Sur (380 i), wiil usually be in the marnme boundary laver. but the al-
ternate shore statien site at Little River Thll with an elevation of 1200 {t, mayv be subject
to cross boundury propagation conditions. A\ decision to use Littie River Thil wil re-
quire mnvestigation into the potential propagation hmitations, i.e. Little River Thll mav
not receive the buoy signal under strong surface ducting conditions.

¢. Trapping

Trapping (or ducting) conditions exist when the dN. dh < -157 per km and
this Taver s thick enough to trap the frequency of interest. This condition occasionally
occurs for the 140-130 MIH/ frequency at Point Sur. when a frontal passage develops a

trapping laver gradient condition (4N dh < <1837y over a vertical distance greater than
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Figure 20.  IREPS Classification of EM propagation: Propagation of RF in the
VT spectrum is influenced by boundary layver gradients, which change

the refractive index and influence propagation.

1§85 m. While it can significant]ly enhance SNR, it may also permuit long range propa-
gation of interference to actually reduce the SNR. Tinung of telemetry in the morning
(Wil Thie £22 ang wir temperatures are closer together than in the afternoon) will mini-
mize the condition favorable for trapping development. Figure 21 from Miller (1980),
Hlustrates ducting vs frequency and refraction index classifications.
2. The effect of wind stress on the buoy antenna pattern

The telemetry system will transmit once per day, preferably under calm condi-
tions. Coastal winds were studied for diurnal variability at Moss Landing, CA and
Monterey, CA, using 30 minute averaged data recorded for the vear 1988, The data
came from monthlyv reports issued by Monterey Bay Aquarium and Moss Landing Ma-
rinc Laboratories Monthly Weather and Oceanographic Summary. The weekly plots
of the 20 nunute averaged values of air tempcrature, solar irradiance, wind direction,
wind speed and barometric pressure are shown in Figure 22, By over-laving eight weeks

of plots, the diurnal variations became evident. This over-laving technique was applhied
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Figure 21.  Trapping vs Frequency (Miller, 1986): This graph illustrates the re-
lationship of the trapping laver thickness to the {requency which can

be trapped.

fnr each scason in 1988, and a diurnal patiern for coastal meteorology became clear and
1« characterized in Figure 22. What is seen is that the nearshere wind (and other pa-
ramecters) had a tvpical and predictable pattern (Figure 23) indicating winds are a mini-
mum at sunrise and maximum in the late afternoon. This same observation was noted
by Beardslev er al. (1987) in his description of the marine boundary layer and atmo-
spheric conditions over a Northern California upwelling region. His study depicts the
same diurnal wind speed, wind direction and time of maximums and minimums.
Beardsley (1987) showed that this diurnal aflect was a coastal phenomenon, and the
diurnal influence becomes very weak at about 35 km out to sea.

These studies indicate a wind speed minimum near sunrise out to about 10 miles
cilshore, which should provide the optimum conditions for data telemctry. [or a
mooring transect, such as at Point Sur, the near shore telemetry system would be timed
to transmit at sunrise. The more scaward telemetry systems can also be progranuned to

transmit at sunset or at any other time of the day.

B. OCEANOGRAPHIC CONSIDERATIONS
1. Wave height effects on buoy antenna pattern
The wav in which occan motion influences a (loating vertical antenna are very

difticult to predict. Buoy motion is a result of wind and wave action on the antenna and
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Figure 23. Typical Characteristic Curves of  DMlonterey Coastal
Meteorology:  Curves were developed from the characteristic plots
such as seen in Iigure 22. These diurnal patterns where found to be
repetitive though out the vear. The same similarity of the time scale,

wind speed and wind direction can be found in Bearsdsley et al., 1987.

the local wave field can inlluence the interference pattern of direct and indirect RI°
piopagation paths. Iigure 15 shows the radiation pattern of the proposed unbalanced
hybrid dipole. The parasitic stub influences current distiibution on the antenna (Shaw,
1973), but this particular design has not been tested over the ocean to see what influence
the ground plane of the ocean will have on a tilting antenna. Results of a s*ntic tilt test,
done between a shore station and a beach 52 kin away, are discussed in the next chapter.
The tests venfy that the hybnd dipole antenna can perform under tilting conditions

similar to those that may be experienced by wave and wind influences.

C. SURVIVABILITY OF SURFACE BUOYS
I.  Environment, shipping lanes and fishermen
Experience with long-term survivability of moored buovs is not good (Briscoe

et al., 1985). A review of T ae 6 and the transect mooring site of igure S indicates
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that over a 180 dav deplovment. the survivability of a surface buoy can be questioned
ju-t based on the shupping density alone. Fishermen alse present hazards, but their
hazards apply to both surface and submerged moorings. The main concern is the chance
netting of a fixed mooring. At least with surface buoyvs the fishermen avoid netting the
nmocring. Submerged moorings, however, are still subject to damage. For either case a
Notice 1o Mariners is required, both to address the safety issues for the fishermen and the
survivablity of the meorings. The pop-up buov design is a popular concept that has not
been successfully deploved, but if deploved it will avoid the surface shipping traflic and

hazards of the surface environment. It will not alleviate the fishermen problem.




IV. SYSTEM INTEGRATION AND TESTING

A. BUOY MOUNTED EQUIPMENT
1. Electromagnetic compatibility (EMC)
a. Computer to radio EMC

Electromagnetic compaubility ensures that the electromagnetic radiation
caused by oscillators, pulsing circuits and svstem non-linearity are isolated from other
equipment. The most graphic example is radiation from the computer clock
which 1s a 4 M1z square wave signal. To reproduce the 4 MHz square wave requires
a broad spectrum of Pourier harmonics. but if the 4 Mz clock produced « sine wave,
only the 4 M1z frequency would be present.

As the proposed svstem consists of integrations of other equipment designs,
interference requiring correction can oceur. The standard EMC discipline procedures to
correct probiems are:

o Shiclding ({ully enclose equipment in metal containers)

* jlenngiprovide a low impedance to ground to offending radiation)
® Phyvacul Separation (relocate equipment and enclosures)

e Crreuit Design (component arrancement for minimum interaction)

¢ [requency Assignment (do not operate on related harmonics)

* Aveid common signal and power grounds (power flow noise interference)

These EMC disciplines have limitations:
e DPracucal filter linutations
¢ Space limitations

* Desgn trade-offs

Avaitlabie frequency

If poor EMC exists alter prudent procedures are used. then a measurement methodelogy
1s required to obtain a spectrum signature,

Ininal svstem integration of the TT4, TNC and ICOM indicated that the
TT4 and the TNC generated noise which was reduced by putting the ICOM in a sepa-
rate enclesure. Emprovement in the ICOM's sensitivity was obtained using a preampli-

fier between the JCOM and the antenna.  Svstem dewign limitations required the

preamplifier to be mounted with the ICOM and not at the antenna. The ICOM's per-




formance was definitely improved, but when operated with the TT4 and TNC, the per-
formance margin disappeared.
b.  Methods to overcome EMC

Poor EMC problems existed and are eiiminated by enclosing the TNC and
TT4 in one enclosure and the ICOM and preamplifier in another enclosure. Figure 24
itlustrates the two enclosures, with the larger enclosure containing the TNC and TT4.
On both enclosures, all electrical connections (except the antenna) were passed through
feed-through terminals. Each terminal is fitted with very short lead capacitors rated at
03 uf to short anv 4.9152 MHz oscillator signals from both the TNC and TT4 micro-
processor oscillators and a 100 pf to short to ground any 143.675 MHz harmonics.
igure 25 illustrates the point that capacitors used at one frequency can behave quite
differently at higher frequencies. Theorctically, the .05 uf should short all signals from
3 MHzZ on up, but at 143 MH7 the leads to the capacitor develop inductive reactance
and remove the low impedance to ground. The 100 pf capacitor restores the low
mmpedance to ground for 143.675 MI{, harmonics. Additional shiclding precautions
where taken to isolate noise sources by securing the enclosure lids with sheet metal
screws every 3 4 inches and to cover all holes with copper adhesive tape. The end result
is negligible computer noise in the 1COM, thus improving the ability to gain a margin
of signal excess.

2. Power distribution
a. Battery systems and capacitios

The battery svstems are a critical elenient in detcimining the size, weight,
and power handhng Iinitations of each subsvstem.  The project has three subsystems
requiring battery power:

o |14 and Aanderaa hvdrophone
e felemetry transceiver

e [ 'nderwater winch

The TT4 and hyvdrophone subsvstem requires continious battery power for
the duraton of the svstem deplovment. The current drain is averaged to 3 MA for the
TT4 and 3 MA for the hvdrophone. On the conservative side, this subsvstem requires
I0NMA conunuous current, which equates to 43 Amp Hours (AH) for a 6 month de-
piovmient. the Thd voltage requirement 1s any value between 7 and 13 volts and the

Bvdrophone voltage requirement is any value between 6 and 9 volts. Fach syvstem has




Figure 24.  EMC Protection Using Shield Materials: To cnsure EMC, the TNC
and TT4d are enclosed together in the larger container, and the ICOM
and preamplifier are enclosed in the smaller container. Each electrical
connection is filtered to remove noise, all holes are are scaled and the

container lids are secured with sheet metal screws every 3.4 inch.

an internal volta_ - regulator, which permits battery voltage variations without afllecting
svstem operation.

The telemetry transceiver subsystem has a power surging demand for less
thun S minutes per day for the deplovment period. The current drain 1s maximum of 1.3
amps for transnmut and 100 MA for receive. On the conservative side, this subsvstem
requires 15 hours of power over a 6 month deplovment. which equates to less than 20
A of power. The power output of the transmitter section of the telemetry svstem is

very sensttive to changes to the battery voltage. The higher the battery voltage during
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Figure 23, High frequency performance of a typical capacitor: A .05 uf capacitor
has a low impedance at 5§ MIz and higher, which makes it ideal for
grounding out all electronic noise from 5 M1iz and above if there is no
inductance in the capacitors leads. llowever, capacitor lzads do have
inductances and associated inductance reactance causing increased
impedance with frequency. The [ced-through connectors have two
capacitors connected to ground, one to ground 5 Mllz and the other

to ground 143 M1z notses.

transmission, the greater the power output of the transmitter. The telemetry system re-
quirement is a constant voltage battery source, which does not vary under transmitting
load conditions.

The underwater winch subsystem requires large power consumption once a
dav, during buov recovery. Buov buovancy should be sullicient for surfacing and should
not require any power consumption. This arca is the least rescarched. High torque, low
current (4 amp) and higher voltage (48 volt) DC motors are available. Such motors are
used in high spec computer tape drives. Preliminary experimentation with such a mo-
tor revealed that very large surge currents are required to establish the initial magnetic
starting fields, but much lower currents were required to maintain the high torque re-
quirements. It was found that this subsystem was found easy to start using a bank of

50,000 uf capacitors, which are electrically floated on the battery supply. In starting the
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motor, the bank of capacitors provided the needed surge current which reduced the de-
mand on the battery syvstem, thus extending battery life.
b. Bartery characteristics
The batteries selected are required to function at 5 degrees C, have a long
shell Iife, operate 1n anyv position and have minimum gasing on discharge. These re-
quirements can be met by three tvpes of batteries:
e Alkaline-Manganese Dioxide (AMD)
s Lithium-Sulfur-Dioxide (LSD)
¢ Sealed Lead-Acid {SLA)

Each of these batteries have limitations which would eliminate exclusive selection for all
three subsvstems. Table 3 on page §1 shows the physical parameters of the three types

of batteries.-

Table 3. PHYSICAL PARAMETERS OF THE SELECTED PROJECT BAT-
TERIES.: Butteries were conihined to equate to a single 20 Al source
to provide comparison of cost, weight aud size for equivalent battery ca-
pacities.

Batery ANMD LSD SLA
Brand Duracell SDXiG20 12) Power Sonic
Name PCY26 Erernacell PS-12200
Voituge 12 to 6.4 14 123t0 118
range
'(.) :\U 61 oz 42 oz 282 oz
weight
20 AH 72 G 49 ¢i 220 ¢
size
Cost 14 <100 S70
{eets

Frgure 20 ilustrates the discharge characteristics for each tvpe of battery.

The AMD can handle the low current-drain subsvstem (TTd and
hydrophones, which i1 able to operate under varyving voltage levels. The LSD can handle
the constant voltage requirements of the telemetry system and has the added advantage
of light weight and small size making it 1deal for the pop-up buoy. But these batteries
arc expensive and require special handling to prevent explosions which result from

nwethane vus production when operated at excessivelv high discharge rates. The SLA
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Figure 26. Discharge characteristics of the selected project batteries:: The AMD
has a large voltage drop under moderate battery loading. The LSD
maintains a constant load voltage until discharged. The SLA has a

slight load voltage drop during battery life.

can handle the high current regquirements of the winch subsystem, provided that sulli-
cient huovancy is available to support the batteries. ‘The winch subsystem battery de-
mand has not been caleulated, but it is expected to be at least 100 Aff. This wouid
exclude the LS due to cost and size of the potential explosive hazard.

Design intergration of a prototype system will require experimentation to
consider the LSD for the TT4, hvdrophone and telemetry subsystems.

3. Antenna
a. FVertical polarization and wave motion
There are two primary designs for antenna polanization: vertical and hort-

zantal. Dach design can be omnidirectional or dircctional. An ommnidirectional-vertical

polatized anteana has a pattern which functions uniformally around the horizon. A
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directional-vertical antenna was not censidered because the antenna requires streering
1o maintain an antenna pattern towards the shore station.

Horizontal omnidectional radiation patterns are developed using vertically
polarized antennas which require verucal radiating elements. The omnidirectional gain
of a vertical antenna is increased by selection of antenna height, the number of stacked
antenna elements and the relative distane to a real or art:fical ground plane (Figure 13,
Figure 14 und Tigure 15). The design used is illustrated in Figure 13.

A critical element in buoyv antenna systems is the ability of the antenna to
function while under the influences of wave motion and wind stresses. Antenna
polarization between two stations should be the same, but as a result of wave motion

and wind stresses, the polarization of the buoy antenna is constantly changing. When

much as 20 db can occur. To compensate for the signal fluctvauons, the antenna and
buov flotation structure nitst be designed to it the eflects of wave motion and wind
stresses, The total system integration coneept is (o maximize duta throughput using
redundent error checking transnussions, signal excess to overcome antenna motion and

buov design to fmnar wave miction effects.

B. SHORE STATION

The shore station at Pomt Sur, CAL ways selected because of its postion. elevation.
access and avatiabl P eleetrical power. Point Sur 1s on a une with the transect (Tg-
ure 5y and has a seu Jevel clevatuon of 340 feet. Bemg on a line to the transcct pernuts
a vertically pelarized directiondl antenna (Figure 17) to be used to intercept buov
trunsmissions, and wath the cievauon, the transnussions cun wchieve a range to just be-
vond 30 NN The untenna tower at Point Sur (Figure 18) can provide an additional
40 to 00 feet of clevaton to the antenna installation. No modilications are required for
the packet telemietry shiore staton equipment.  The mstallation in Figure 16 was net
subject to ECM problenis, hut if equipment and computer types arce nuved, some LCM
mav occur requiring repositioning of equipment.  Interconnections of equipment are
sulliciently detwied o the cqupment documents. The antenna mstallation will reguire
periodic chicch o for corrresony structural ahignment and electrical measurements of the
voitage standing ware rat - VSWRYL because of the salt, fog and wind environment at

Point Sur, CAL

s
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C. TESTING
1. Buoy to Point Sur shore station
Two testing periods were conducted L=tween the Point Sur, CA, and the R'V
Point Sur. Each testing period involved the R’V Point Sur operating along the transect
line (Figure 5). The first test involved determining which propagation path should be
used. The second testing period (a {ew months later) involved an in-water test of the
buov package. using the best propagation path deiermined from the first test.
a. Testing propagation modes
This first at sea test was designed to find out which mode of propagation
(direct or surface ducting) could achieve a 52 km telemetry path over the water. This
test used three packet stations: 1) an automatic response to query buoy package on the
R V Point Sur (package physically attached to the ship with the antenna at 15 feet above
cea level). 2V an automatic response to auery beach mounted package at 10 {eet above
sea level, next to Point Sur, CA, and 3) the master query station (Figure 106} at 360 {ect
above sea level on Pomt Sur, CA. From the master query station several connection
modes were possiple for testing the ability of each station to connect to the other
stations:
* nuster to bhuoy
® master to beach
* muaster 1o buev via beach

e master to beach via buoy

Additonallv, the buoy and beach stations where programmed to send 30 minute beacon
trunsmissions as an additional momitor routine {the beach unit sent its beacon via the
buoyv to the master station). Connections and beacons were recorded at the master
station and were stored in the buov and beach TNCs. The stored data from the buoy
and beacli TNCs were time stamped at the time of each connection, which allowed fixing
thie foss of signal to the support ships track.

Test results found that the beach station was limited to line-of-sight (20 km)
and no boundry laver propagation at sea level existed for the 145 MIZ signal. The

it

cation from

propug 1c master station existed out to 75 km, with some message
retransmission required.  The test was carried out using a modified version of Figure 8.
The buoyv svstem drd not have the pre-amplifier and the transmutter was selected to op-
crate at a low power setting of 1.3 watts (high power setting is 5 watts). The Jow power

cetting was used as o further sensitivit est on the svstem limitations. The final design
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will be set on high power to insure signal excess. This test demonstrated that packet
telemetry can be used to send data from the transect line to the Point Sur shore station.
Atmospheric conditions during both testing periods had normal electromagnetic refrac-
tion conditions. The antenna test installations are shown in Appendix M.
b. Testing the buoy in-water

This testing period was used to find out how an integated buoy package
might function at sea and what affects the the seas would have on the antenna system.
The buoy svstem package was the same as the first at sea test, but it was packaged for
in-water operations. Results indicated the following:

e Vertical buov stablity is important to minimize antenna motion.

o TNC preprogrammed transmission lengths should be short to reduce data error
losses due to antenna motion.

® Buov svstem programs needed improved automation timing to prevent the svstem
from getting locked-up in a programnung loop.

e Improve the buovs transmitter by operating on high power.

Install a preamplifier to improve weak signal reception.

2. Antennas
Tesung of the antennas focused on the evaluation of the buoy antenna
preformance at 52 km over water and under the influence of antenna tilt causing cross
polarization gamn reductons.
a. Tilt testing of buoy antenna at 52 km

This was the critical test to find out what limitations exist, which will limit
the application of this thesis concept.

The last at sea test resulted in re-evaluaton of the receiver sensitivity. The
receiver sensitivity was tested under two conditions: 1) in its normal configuration and
2) with o commerical preamplifier attached. The test was performed using a
RACAL-DANA 9082P SN3192, rf signal generator. Figure 27 illustrates the results of
the receiver sensitivity tests. The improved sensitivity (Figure 27) using the preamplifier
also improved reception of computer noise from the TNC and the TTd. The EMC
procedures discussed carhier were required to improve weak signal enhancement provided
by the preamplificr.

Additional opportunities for at-sea testing of the improvements to the buoy
transceiver were not available. To test the improvements, two alternative tests were

develored: 1) to test the buov svstenm over 52 km of water between 2 land stations and
1 A .
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Figure 27. 1CONMI receiver improvement using a preamplifier: The addition of the
preamplifier improved the signal response and also the susceptability

to electromagnctic interferrence Irom the TINC and TT4.
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2) to test the buov svstem under different antenna tilt conditions to simulate buoy mo-
tion at 32 km range between these stations.

Tests were conducted using the antenna in Figure 17, which was at an ele-
vation of 320 feet above sea level, on a radio tower at the Naval Postgraduate School
housing area in Monterey, CA. Appendix N shows the antenna installation at NPS.
The equipment configuration is shown in Figure 8. Additionally, the TNC and TT4
package and the transceiver package (Figure 24) were connected using the intended 130
feet (Kevlar reinforced cuble with 4-28 gage wires) underwater winch cable. The buoyv
package was operated from Davenport Landing, which is a beach 52 km over water from
Monterev, CA. The shore station equipment, in Monterev, was programmed to ac-
Knowledge the buov in Davenport, send a preprogrammed message (which provide time
to measure the signal strengih in Davenport, CA) and then automatically disconnect
from Davenpors. When power was applied to the buoy (in Davenport), the buov would
transmit @ connect reguest to Monteren evers 'S seconds. Once the buoy was con-
necied, a reading of the SNR tap (Figure 12y was taken. The buov antenna was cle-
veted onoa 6 foot pole. At the beach the antenna was tilted to the indicated directions
and angles m Tuble 40 Durning each 13 second mterval a reading was taken {rom the

SNK tup and wus Jogged 1 Table 4, and the antenna was repositioned for the next

reading. From Table J the average of all the readings was 1.462 volts with maximum
and nunimaunm readings remaining within 4% of the average. Comparing the SNR tap
reaviigs to Digure 27 indicated that sufficient excess signal exsists over a 52 km path
over water when the preamplifier 1s connected.  This test mdicated that the received
signald at the antenna was about 1 microvolt. Without the preamphfier, the 1 microvolt
signal would only provide about (13 volts at the SNR tap with the result of msufhcient
signal to drive the TNC. Readings at the Monterey site also indicated that a full scale

signad excess was being received.




Table 4. RESULTS OF TILT TEST OF BUOY ANTENNA.: The values recorded
are the voltage readings taken from the SNR tap shown in Figure 12, and
the stgnificance of the values are shown in Figure 27,
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3. Acoustic link (Aanderaa Instruments Inc.)
a.  Testing acoustic link ervor vate

The fact that data could be transferred from a recording current meter to a
remote hvdroph~ne lead to the idea of telemetry trunsmussions to shore. This thesis has
demonstrated thut decoded hvdrophone signals can be transmitted error-free buck to a
shore station.  Unfortunately, the Aanderaa Acoustic Link was not designed to be a
reliable and error free acoustic Ink for passing data for more than about 100 meters 1n
water. The result is an error-free telemetry svstem suppoiting an Crror-prone acoustic
link.

The Aanderaa Acoustic Link transducer model 2247 SN 426 wus tested ol
<iere at Point Sur, CAL st the ransect point P23 from the RV Point Sur. The exper-
ent was set up to find te imutations of the aceustic ink. The test used @ RONMN re-
cording current meter whidh wus attached to the cage of a CTD. The cage wus lowered
over the side wnd was wsed e pronide depth control for the RONMS. The acoustc

i was Iewered alone the CTD wineh cable, ~vhich msured vertical dhicnnient

benween the RONY wnd the transducer and provided an abihity to cufeulate the length
Cf tho weoustt putin The pulse durauon coded acouste signuds irons the RONNS o the
huvdrephone, was decoded uning tie TT4 und the program m Appendiy C.

By mntaning the hvdraphene at § meters below the surface and Jowering
the RONIS 10w ounds through repeated depth changes, that the error tree acoustic
Lk range woo Semeiers or fesss Beyond §0meters, a full record could not be ebtianed.

W ds Hele Oceanographic Insutution conducted a smutlar test, but used

the Aunderra dedh reconding equpment. The resalts were ssmilar, except that they ev-

perineed vreater error rates. They atubuted the error rates to the synch pulse errors

vsodecode the Sinury datainto decmal fornyior

i to e Jedk units Dol te not adw
I P ve i [ N TR S RICI S SN vyt UL AT 1 At oy ESEERE] L)
Chrooponrouts Lo oo oaen s thaet the present systeny is not uselud for serieus data
telonelry fon general oo lohons, dhrve, JOSS

. Procram to veduce error rate

The o ey wnd dropouts that oceured using Aonderaa deck umt and

rrncier o the N B drosbons can e reduced by using the error checkimy pro-
crovoa Appendiy OO The procramoisawntten i TTBASTC for progrant execution on the

Fra The omee 0o e oo e implemented and provided a simple crrer checkimg
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Figure 28. Block diagram of the program which decodes the Aanderaa acoustic pulse
duration code.

To ensure what data was sent and when the errors occured, the TT4 decoder
program was developed to sense the timing sequence and reject out-of-sequence noise
{anv 16 KIIZ noise triggers an output {rom the hyvdrophone, 1.e., jiggling a set of keyvs
in fror . of the hvdrophone will result in the sending of strings of O's and 1's). Correct

seqquenced data gencerates the channel number and title followed by the 10-bit binary
string, which prints out as follows:

e (Channel | Reference

o 111001100

Channel 2 Ternerature




e 100I00I111

¢ Channel 3 Conductvity

e JOOVOOTORN

e Channel 4 Pressure

e 00010TOVO0

¢ Channel 5 Vector Direction
e JOoloullo]

¢ Channel 6 Vector Specd

e ODLOOBINT]

¢ End of Record

e Time v 0-00-00 Ref datais 11 80

The [0-bit binary word is read from the least significant digit (LSDD) on the
left to the most stemificant digit (MSD) on the right. The record is stopped on the 61st
bit and the tume and date 1s recorded. This program is not a cure, only an improvement.
The cure witl be an improved acousue hnk.

c. Proposed alternative to the acoustic link

The Aanderaa RCMS has an alternative source for sending data by using
the 2994 electrical connector. The same pulse duration code sequence is sent to the
electrical connector as well as the acoustic transducer.  Future designs should look to
fiber optic alternatives for data transfer to the underwater winch. A rotating optical
coupling joint may perrnut all the RCMSs on an arrav to be linked by a single fiber optic

cabiv, without restricting the movement of the RCMS,
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V. RECOMMENDATIONS AND CONCLUSIONS

A. RECOMMENDATIONS FOR ADDITIONAL THESIS TOPICS AT NPS:

e Conunue mechanicul engineering development of a pop-up buoy canister that will
mininuze antenna motion.

e Continuce the mechanical engineering of the underwater winch.

¢ Continue the clectronic engineering development of a reliable acoustic link, which
can copv all transmissions from current meters on a vertical array.

e Conunue telemetry environmental evaluation on the affects of trapping and mulu-
path interferrence influences, and collect statistical information on bit-error rate
over a several months of telemetry operations.

¢ Contunue to monitor the changes in telemetry equipment and take advantage of
lower power units operating at higher baud rates, which would result in much lower
transnutter power for the same length of transmitted data.
B. CONCLUSIONS:

This thests demonstrates that a VHE NBEFM packet telemetry svstem, under auto-
mated seftware control, 15 a practical tool for neuar shore telemetry of in situ
occanographic data. The availability of this near real time data collection ability offers
tiie opporiunity for researchers to investigate and develop new methodologies [or
noweasung. forecasung and hindcasung of near shore ocean current events. Near real
tume data coilection {rom buovs mweans that researchers can collect high resolution
SSM LSS T and AVIRR <atellite data at the time of an event. At present high resol-
ution sateihte data 1s removed (without storage) from source computers after 48-72
hours. Collected satellite duta can be used to develop time series investigations before,
Jduring and after a mooring event has been detected. thus supporting investigations of
undercurrent variaothity, Data that 1s collected dailv provides verification that a mooring
is stiil operationad, offers the ability to conduct experiments of opportunity with other
rescarchers and may lead to the development of expendable moorings.

The busic concepts of the automated packet telemetry svstems are available from
off-the-shelf technologiee, The communications industry i moving forward with higher
speed and lower power packet svstems. The basic svstem detailed here cun be directly
appired to the higher baud rates (96000 baud). This svstem was developed asing 1200

baud tedemetry, At the newer Y600 baud, onlyv 1.8 of the transmitting tune 18 needed,
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which translates into reduced power consumption and smaller pop-up buoy canister de-

siene,

The objective of this thesis is to augment direct measurement technology by ad-

vancing the state-of-the-art in ocean data collection using near real time telemetry. This

thesis achieved the following:

Demonstrated that telemet . cywpment cni be low cest, have low nower con-
sumption and be small enough in size to support a pop-up buoy design.

VHE NBFM is the best modulation scheme for line-of-sight communications to
near shore buovs.

Packet telemetry offers the best error checking protocol in the environments where
communications can be momentarily lost due to wave motion.

Antenna height above ground is the most effective wav to achieve longer line-of-
sight communications {rom shore stations, but not for buov antennas.

Methods were developed to overcome electromagnetic compatiblity problems be-
tween computer svstems and receivers, thus unproving the ability to gain a4 margin
of signal excess.

Evaluation of various batteries where made to determine which battery can best
be applied to each svsten

Development of an improved error checking program to read the Aanderaa
hvdrophone recievers was achieved,

Development of a program for the ONSET Tattletale Model IV computer to au-
tomate the collecting, measuring, storing and telemetry of data was achieved.

Verification of the design of the hybrid dipole antenna to perform under conditions
auler to wave motion inlluences was made.

Evaluation of the Aanderaa Acoustic Link was completed and found to be the
weakest ink 1o an effective data recovery system.

A designuted frequencey of 143,657 MHZ was obtained from the Navy for a five
vear research period.

vice was niade to secure the use of the Point Sur, CA, site for testing.

This thesis involved an ocean engineering investigation which provided an opportu-

nity to investigate instrumentation applications to occanography.  Hopefully this will

help advance state-of-the-art oceanography hardware and software towards three di-

mensional modeling and prediction systems.
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APPENDIX A. PROJECT COSTS

SER1AL NU. 11EM

07801 1C0OM 1C-28A

8804330 ASTRON pwr supply

09310 ASTRUN pwr supply

65033 ICOM-02AT

09629848 Fre—amp ARK SP144VDG

092630848 Pre—-amp ARR SFP144VDG

- Wall 12v pwr supply +or TNC’s
2001606 DIGIPAC [ software

530 Tattletale 4 computer w/Dev Kat
531 Tattletale 4 computer

532 Tattletale 4 computer

7999 FAC-CUMM TNC-220

7968 FALC—-CUMM TNC-2Z220

MO199 FAC-CUMM Micropaower—2 INC

—— Cushcrat+t 230WH antenna
- 10o0F I roll Beldon 971.5
—_—— Amphenol 9912 "n'" connectors

cust
409.95
69.95
69.95
279.99
109.95
109.95

9.95
49,95
490,00
295, 00
295,00
179.95
179.95
179.95
TS
59. 95

4.73

- 150 T roll reviar/sJpair—-28q cable 100,00

- Blocks o+ syntactic +oam
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APPENDIX B. SYSTEM PROGRAM WITH COMMENTS

' START PROGRAM THESIS. 030
' 5 RTIME
"SET INTIAL VALUES
10 D=0: E=0: F=0: L=0: M=0: N=0: P=0: W=0: X=0: G=0: C=0

"ENABLE CTRL-S AND CTRL-Q FOR TNC (CTRL-Q TIMEOUT IN 10SEC)
| ' 14 XSHAKE 1000

| "INITIALIZE SLEEP CYCLE
16 SLEEP ¢

"WAIT FOR HYDROPHONE RECORD TO START
20 IF PIN(13;=0 GOSUB 900

"RECYCLE POINT IN PROGRAM FOR EACH RECORD WORD
25 IF PIN(13)=0 GOSUB 1000
30 SLEEP 1

[V NS 5 4

'

"CHECK IF 24 HOURS HAVE PASSED SINCE LAST TRANSMISSION
35 Y=i:I=1:FT=(Y/8640000)
40 IF I=F GOTO 103

AND WAIT FOR HYDROPHONE RECORD START

20
"PROGRAM INTERUPT VIA CTRL-C (TATTLETALE REQUIREMENT)
"SEQUENCE 1 TO RECTGNIZE THE NEXT 24 HOUR PERIOD IN LINE 40
105 I=I+

TIME; TURN ON RADIO AND TNC; CONNECT TO SHOKRE STATION
7(1)):K=7(0): PSET(15): SLEEP 500: PRINT"'C KC3RL": SLEEP200

"CHECK TO SEE IF CONNECTED TO SHORE
‘170 IF PIN{6)=0 GOTC 190

"IF NOT CONNECTED, TRY AGAIN

182 G=G+1:2=)

184 SLEEP 100

165 IF G=10 GOTO 119

186 IF G=I9 G770 110

'187 IF G=30 GOTUl1D

"DISCONNECT IF CAN'T CONNECT TO SHORE
186 IF G=31 GOTT 790

189 GOTO 170

"START TATTLETALE ME'CRY OFF LOAD
100 A=Y

(.




200 FOR D= 1 TO W
210 OTEXT A: ONERR 390
220 NEXT D

"RECORD TRANSMISSION TIME
270 PRINT'TIME IS ',2(2),":",2(1)," ',2(0):PRINT' ON ',2¢4),'/',2(3),"/",2(5)

"GUESSING ROUTINE FOR TATTLETALE TO SECURE RADIO AND TNC
290 1=60%(2(1)): Y=7(0): Z=10%( I+Y)~10%(J+K)

310 Z=2+700

/311 SLEEP 2

"CHECK TO SEE IF ANY UNAKNOWLODGED PACKETS, IF SO WAIT AGAIN
'314 IF PIN(12)=0 GOTO420

"TERMINATE TNC DATA TRANSFER
32¢ PRINT 03, 03, 03;

'340 SLEED 200

"TNC DISCONNECT

350 PRINT'D"

"CHECK TO SEE
370 IF PIN(S)
380 GOTO 311

IF SHORE DISCONNECTED
=1 GOTO 390

1

"TURN CFF RADIO AND TNC
380 PCLALS
"D 3000
410 GOTO 10
420 G=G+1:IF G=10 GOTO 390
440 CGOT2310

HTDRCPHONE DATA LTGCER ROUTINE START

Sld Z=Z:W=2:O=2:H=2:Q=2:R=2:S=2:T=2:U=2:V=2

"INITIAL TIME P

1600 IF P=0 GOTO 1030

"ALL OTHER P TIMES AFTER INTIAL P FROM TATTLETALE INITIAL TURN ON
"4LST SET BINARY 1 (RESET TO O IF PULSE 1S 81IMSEC IN LINE 1070)
1505 B=1:L=7:P=L-Y

"IF FULSE FROM HYDROPHONE > 2.5SEC, THEN START OVER (BAD DATA CHECK)
1620 IF P»250 GCTO 10

1030 P=1

1020 SLEEP 3

TIME M USED IN NIEXT WORD LOOP IN LINE 1005

1005 M=7
1

"CHECK TO SEE IF HYDROPHONE IS STILL ON, IF SO SET BINARY 0

[




'"USING INTEGER MATH TO SEQUENCE THROUGH HYDROPHONE TIMING SEQUENCE
C= C+1 E= (M \+1°)/16

1085
1095
1100
1105
1110
1120
1125
1130
1135
1140
1145

1155
1175
1184
1195
1205
1215
1225
1226
}230

"STTEP COMD

It‘
IF
IF

IF
1F
IF
Ir
IF
IF
IF
IF
IF

u»bwmr—*
FZ*—-](D'ZJO:I:OF'N

LR L [ D T 1

mmmmmm

[selseMariag]

[

O—‘\DCD\IG\

C=10
€=20
=30
C=40
C=50
C=60
C=60
C=¢0
C=61

P2 T

umwwmwmwwm

GOTO
GOTO
GOTO
GOTO
GOTO
GOTG
GOTO
GOTO
GOTO

23
25
25
25
25
25
25
25

STOR A,"CH
STOREA,''CH
STOREA,”CH
STOREA,"'CH
STOREA,"CH
STOREA,''CH

STOREA,'TIME 1
STOREA,"REF DA

C=0

FOR 25

B GOTO 20

TRV W

"L W=EW+L

MINUTES, THEN WAKE UP TO WAIT FOR HYDROPHONE DATA

1235 SLECT

12406 RETURN
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APPENDIX C. HYDROPHONE PRINT PROGRAM

W=0: Z=0: D=0: E=0: F=0: H=0: L=0: M=0: N=0: 0=0: P=0: Q=0: R=0: S=0: T=0: U=0: V=0

14
16
20
50
100
1000
10053
1020
1030
’OOO

po)

RN SIS

12
12

Py

RTIME: C=0:N=?

SLEEP 0

IF PIN(13)=0 GOSUB 1000
GOTO 15

STOP

IF P 0 GOTO 1030
B=1:1=?: P=L-M

IF P>250 GOTO 10

P=1

SLEEP 5

M=?

IF PIN(13)=0 B=0

 SLEEP 4
C=C+1:D=(C/10)%10: E=C-D
IT E=1 Z=B:1F E=2 W=R: I
IF E=6 R=B:1F E=7 S8=B:1
IF C=1 PRINTCHANNEL 1
I¥ C=10 PRINT Z,W,0,H,Q
iF C=20 PRINT Z,W,0,H,Q
IF C=3¢ FRINT Z.W,0,H,0Q
IF C=40 FRINT Z,W,0,H,0
IF £=30 PRINT Z,W,0,H,Q
IF C=60 PRINT Z,W,0,H,Q
IT =60 PRI\T"II*E Is
IT =80 PRINT REF DA
IF C=61 £=0: PRINT: PRINT
SETURN

lay
a2

Hrouauuvuu)m(ntﬁlln

Tt

: PRINT:
: PRINT:
: PRINT:
: PRINT:
: PRINT:
:PRI\T:
e ' 2(07;

: IF E=5 Q=R
: IF E=0 V=B
PRINT"CHANNEL 2 TEMPERATURE"
PRINT"CHANNEL 3 CONDUCTIVITY"
PRINT'"CHANNEL 4 PRESSURE"
PRINT"CHANNEL 5 VECTOR DIBRECTION"
PRINT"CHANNEL 6 VECTOR SPEED"
PRINT"END OF RECORD"

2(3),'/",72(3)




10
20

n

50
60
70

90
100
110
170
182
184
185
166
187
188
188

S
D
<@ O

OO C OO0 O0Q

[2S I
b

[ RSN SR NG I 06

0O s U D

| S

APPENDIX D. TEMPERATURE/RADIO CYCLE PROGRAM

XSHAKE 1000

RTIME

X=0:G=0

FORA=1 TO 100

SLEEP 10

STORE X,#2,CHAN(10)

NEXT A

GOTO 110

STOP
J=60%(?(1)): K=7(0): PSET(15): SLEEP 500: PRINT"C KC3RL'": SLEEP200
IF PIN(6)=0 GOTO 190
G=G+1

SLEEP 100

IF G=20 GOTO 110

IF G=30 GOTO 110

IF G=30 CGOTO110

IF G=31 GOTO 390

GOTO 170

X=0: G=0

FOR B= 1 TO 100
A=TEMP(GET(X,#2))
A=A%(9/5)+320

PRINT #4,A/10,'.",#1,A%10;
I¥ B%10=0 PRINT

NEXT B

PRINT'TIME IS ',2(2),':",2(1)," ',?2(0):PRINT' ON ',2(&4),'/",2(3),"'/"',7(5)
T=60%(2(1)): Y=2(0): 2=10%( I4+Y) -10%( J+K)
2=24+7G0

SLEEP 2

IF PIN(12)=0 GOTO0420
PRINT 03, 03, 03;

SLEEP 200

PRINT"D"

IF PIN(6)=1 GOTO 390

0 GCOTO 36C

PCLR15

SLEEP 3000

GOTO 20

G=G+1: IF G=10 GOTO 390
GOTC310
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APPENDIN E. SYSTEM PROGRAM TO STORE DATA TEST

RTIME

D=0: E=0: F=0: L=0: M=0: N=0: P=0: W=0: X=0: G=0: C=0
XSHAKE 10C0

SLEE? O

IF PIN(13)=0 GOSUB 900

IF PIN(13)=0 GOSUE 1000
SLEEP 1

y=7:1=1: F=(Y/8640000)
IF I=F GOTO 105

GOTO 20

STOP

I=1+1
J=60%(7(1)):X=7(0): PSET(15): SLEEP 500: PRINT'C KC3RL": SLEEP200
IF PIN(o)=0 GCTO 190
G=G+1: 2=0

SLEEP 100

1F G=10 GOTO 110

0 GOTO 110

G=30 GOTO110

G 1

SRR
YT by by
DN OG
t
>
]

IF GCTO 350
<

3Ty
(SAV )

[
HNn—w

P FOR D=1 T0 W

OTEXT A

NENT D

PRINT'TIME IS ',2(2),':",2¢1)," ',2(0):PRINT' ON ',72(&),'/',72(3),"/',72(5)
1=60%(2(1)): ¥Y=2(0): Z2=10%(I+Y) ~ 10 J+K)

2)=0 GOTO420
03, 03;

IF PIN(Ce)=1 GOTO 350

CUTO 311

PCLR15

SLEEP 3000

G2TC 10

G=G+1:1F G=10 GOTO 390

GOITZ10

N=7
2=2:W=2:0=2: H=2: =2: R=2:8=2: T=2: U=2: V=2
IF P=0 GJTO 1030

. T, —_T %
E=1:.1=":P=L-

IF F»130 GTTO 10

(]




1095
1100
1105
1110
1120
1125
1130
1135
1140
1145
1155
1175
1184
1195
1205
1215
1225
1226

LR RO R S ]

-
to

I~ W
[SNVIN )

4 s pa

IF E=1 2
IF E=2
IF E=3 0
IF E=4 H
IF E=5 Q
IF E=6 R
IF E=7 S
IF E=8 T
IF E=9 U
IF E=10
IF C=10
IF C=20
IF C=30
IF C=40
IF C=50
IF C=60
IF C=60
IF C=60
IF C=61
SLEZP 15
RETURN

GOTO
GOTO
GOTO
GOTO
GOTO
GOTO
GOTO
GOTO
GOTO
B: GOTO
STOREA, 'CH
STOREA, " CH
STOREA, ""CH
STOREA,"CH
STOREA,''CH
STOREA, "' CH
STOREA,"TIME 1

RPIPIIOPIIIOTIIN N
LSRRG RV R RVIRV RV RN, |

AUV~ O

< A0 N

R [c-Av-Re-NesNesNeilet Mo Rvs)

STOREA,"REF DATE

2 ' 2(0): W=W+1
3),"/",2(5): W=+l




APPENDIX F. SYSTEM PROGRAM TO PRINT DATA TEST

W=5 :Z2=0 D=0 :E=0 :F=0 :H=0 :1=0 :M=0 :N=0 :0=0 :P=0 :Q=0 :R=0 :5=0 :T=0
:U=0 V=0

11 XSHAKE 1000

14 RTIME :C=0 :6=0 :X=0

15 N=7

16 SLEEP O

20 IF PT\LIJ) =0 GOSUB 1000

(N/8640000)
F (wW-Z)=0 GOTO 15
70 GOTO 110

Z=w
30 W
I

U
126 STCP
100 J=o0(2(1)) K=7(0) :PSET(15) :SLEEP 500 :PRINT"C KC3RL" :SLEEP200
170 IF PI\(e\—ﬂ GOTO 190
182 G=
1EL SLIER LU0
183 TF G=20 GOTO 110
158 IF G=30 GITC 115
1537 IF G=39 GUTO110
188 IF G=31 GOTO 390
189 GoTO 170
190 N=0 o G=l
200 FOX B= 1 TO X
210 GET (N,#2)

"L2(D), " TL2(0) s PRINT' ON ',204). '/t 0(c,)

D 2=10%( T+Y ) -10%( J+K)

INT12)=0 GOT0420
o, 03, 0%

~

070 390

LG9 SLEEP 3000
410 GOTO 20
420 G=G+1 i IF G=10 GOTO 300

/1,005




1085 C=C+1 :D=(C/10)*10 :E=C-D
1095 IF E=1 Z=R
1100 IF E=2 w=B
1105 IF E=3 0=B
111. IF E=4 H=B
1120 IF E=5 Q=B
125 IF E=6 K=B
1120 IF E=7 S=B
1135 IF E=8 T=B
1140 1F E=9 I'=R
1145 IF E=5 V=3
1150 IF C=1 PRINTCHANNEL 1 REFERENCE"
1155 IF C=10 PRINT Z,W,0,H,Q,R,S,T,U,V :PRINT : PRINT"CHANNEL 2 TEMPERATURE"
1175 IF C=20 PRINT Z,W,C,H,Q,R,S,T,U,V :PRINT : PRINT''CHANNEL 3 CONDUCTIVITY"
118+ 1IF €=30 PRINT Z,W,0,H,Q.R,S,T,U,V :PRINT :PRINT"CHANNLL 4 PRESSURE"
1195 IF C=40 PRINT Z,W,0,H,Q,R,S,T,U,V :PRINT : PRINT"CHANNEL 5 VECTOR DIRECTION"
1205 IF C=30 PRINT Z,w,0,H,Q,R,S,T,U,V :PRINT :PRINT"CHANNEL 6 VECTOR SPEED"
1213 IF C=£2 PRINT 2.W.0,H,Q,R,S,T,U,V :PRINT : PRINT"END OF RECORD"
1225 IF C=nd PRINT'TIME IS ",2(2)," :',2¢1)," 72 ' 2(0);
122+ IF C=60 PRINT"  KEF DATE IS ",7(45,'/',2(3),'/',2(5)
1222 1F C=61 C=0 :PRINT :DRINT
1l RETURN




APPENDIX G. PICTURES OF THE DATA LOGGER AND TNC
HARDWARE CANISTER

The TNC fills the bottom of the canister and the data logger 1s mounted over the TNC
bourd.




IMustration showing the data logger protection circuit board separated from the data

logger.




APPENDIX 1.

ICOM SPECIFICATIONS

Dimensions

Weight

TRANSMITTER

Output power

Emission mode
Modulation system

Max. frequency deviation
Spurious emission
Microphone

Operating mode

RECEIVER

Receiving system
Modulation acceptance
Intermediate frequencies
Sensitivity

Sauelch sensitivit,
Sourious response rejection ratio
Seiectivity

Audio output power
Audio output impedance

116.5mm(H) x 65mm (W)} x 35mm(D) Without power pack
Attendant power pack, IC-BP3 49mm{H)} x 65mm (W) x 35mm (D
515g {IC-02A: 495g) inciuding power pack, 1C-BP3 and flexible
antenna

HIGH: 3W at B4V (5W at 13.2V)
LOW: 0.5Wat 8.4V ~ 13.2V
16F; {F3E 1GKO!)

Variable reactance frequency modulation

+5KHz

More than 60dB below carrier

Built-in Electret condenser microphone

Optional Speaker-microphone {IC-HM9) and Headset (HS-10) can
be used

Simplex

Duplex (Any in-band frequency separation programmable)

Double-conversion superheterodyne
16F, (F3E 16K0)

ist: 16.9MHz  2nd: 455KHz
Less than 0.25uV for 12dB SINAD

Less than 0.3uV for 20dB Noise quieting
Less than 0.1uV

More than 60d8

More than 27.5KHz at —6dB point

Less than £15KHz at —60dB point

More than 500mW (at 8 ohms 10% distortion}
8 ohms

Figure 29,

Listing of the specifications of the ICOM 02AT.




APPENDIX 1. FREQUENCY COORDINATION

A. INITIATING MESSAGE FOR A NAVY FREQUENCY ALLOCATION.

RTTUZYUW RUWJAGA4732 303244 5- UUUU--RHWISUU.
ZNR UUUUU .
R 2984457 OCT 88 ZYB
F1 NAVPGSCOL MONTEREY Ca | ’
TO NAVFRCOORD  NTCC OAKLAND CA
INFO NAVFRCOORD WESTERN US PT MUGU CA
NAVCAMS EASTPAC HONOLULU ML
COMTHIRDFLT'
gINCPACFLT PEARL HARBOR HI
T
UNCLAS //N02420//
SUBJ:- FREQUENCY PROPOSAL-USN
A.  NTP-6(B)., ANNEX D
1. SUBMITTED IAW REF A.

@05, U -

218, N

110, 1140-150.8 (ONE FREQUENCY REQUIRED)

113, FLE

114, 16KOF2D

115, was . ‘

130, 3

140, 850120

220. USN

221, CINCPACFLT

202, PACFLT

224. NFCDAK

206, NAVPGSCOL

207. NAVPGSCOL

208, N62271

209. NFCWUS

320, CA

321. POINT SIR

393, 36181AN/1215310W

342, C, ICM 284

341, 12, NET

354, YAGIL

355, CUSHCRAFT 215WB

357, 16

358, 362

359. 49

362, 212

363, V

[}




122, CA

421. PAC

433, 362220N/1222829W

442, C, IcM'22AaT

454, HYBRID DIPOLE

455, DEVELOPMENTAL HYBRID DIPOLE

457, 3

458, 5

453, 5

462. ND

463, V

532, OCEANOGRAPHY DEPARTMENT, US NAVAL POSTGRADUATE SCHOOL, CA,
IS CONDUCTING A FIVE YEAR, ONR SPONSORED, RESEARCH PROGRAM TO MONITOR
CFFSHORE CWRRENT PROFILES 5 TO 30 FILES WEST OF POINT SUR, CA. TO
@BTAIN FIXED MOORED BUOY DATA DAILY WILL REQUIRE A ONCE PER DAY
TRANSMISSION OF DIGITAL 1 ELENETRY DATA FROM AN OFFSHORE BUOY USING
1222 BAWD PACKET SWITCHING TECHNOLOGY. INITIAL TEST OF THIS
TELEMETRY CONCEPT WILL REQUIRE SEVERAL SHORT (5-19 MINUTE) TELEMETRY
TRANSMISSIONS PER DAY. FROM FEB 83 TO FEB 54, ONLY OHNE TELEMETRY
TRANSMISSION PERIOD PER DAY IS SCHEDULED, WITH A TRANSMISSION PERIOD
REQUIREMENT OF 15 MIPUTES. NC VOICE COMMUNICATIONS REQUIRED. THE
2U0Y TELEMETRY SYSTEM WILL BE COMPUTER CONTROLLED, WITH MONITORING
FUNCTIONS AT NPS. A BUOY BACKUP TRANSMITTER TIME-OUT - SYSTEM WILL BE
USED TO PREVENT THE 5 WATT TRANSMITTER FROM LOCKING-UP IN TRANSMIT.

831, NFC OAKLAND 6 OCT 88, .

POINT SR IS A STATE PARK, THE USCG HAS AN ANTENNA TOWER IN THE
PARK WHICH IS SUITABLE FOR ANTEZINNA INSTALLATIONM. COORDINATION BETWEEN
THE PARK SERVICE (RANGER I CHARGE JIM RITTER) AND THE USCG HAS BEEN
ESTABLISHED. FURTHER SITE COORDINATION REQUIRES AN ASSIGHNED
FREQUENCY. :

833, STEVE RANMP, A/V 878-31%82
2. SAME AS PARAGRAPH 1. EXCEPT:

1150 WS '

503. CA

331. PAC

303, 362033N/1222820W

340, C, ICM' J2AT

354, HYBRID DIPOLE

341, 192, NET

355, DEVELOFMENTAL HYBRID DIPOLE

357, 3 ‘




353.
359.
362.
363,
439.
431.
493.
449,
454,
455,
457,
458,
453,
462,
463,

BT

#7532

5

5

ND

v

CA

POINT SR
36181AN/1216310W
Cc, IcHM'284A

YAGI ‘
CUSHCRAFT 215 WwB

16

362
42
272
v

78




B. FINAL APPROVAL MESSAGE FOR 143.675 MHZ.

©T Ant5y 18T 222457
CTTHUTIVYINL 31y SCRFRANQ 8T It 1tecFiI1r) JAR A
TLC gty

- L T e B A

FY¥ CAYDMCrF YASHTARTAN N

TN GHIULFOAA/NBVERCOACP N LWFCSTERGN IS OT M) A
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APPENDIN J. POP-UP BUOY ELECTRONICS LESS BATTERY,
ANTENNA AND BUOY CANISTER

The pop-up canister will contain only the ICOM 02AT transceiver, ADVANCED RE-
SEARCH RECEIVER preamplitier, battery and hybrid antenna.




APPENDIX K. PACKET PROTOCOL DEFAULT SETTING CHANGES

A.

SHORE STATION TNC CHANGES:

Transparent meade is required for file transfer packet operations and requires:
SBITCONV (ON)., AWLEN (8). CONMODE (TRAN), ECHO (OFF), LCOK
(OFF), NEWMODE (ON), PARITY (0), STRAT (S13), and TRFLOW {(OXN}.

Station recognition and identification require: BUDLIST (ON), CTEXT (NPSI
MOORING), LCALLS (NPS2NPS3), MRPT (OFFF), MYCALL (NPSI)

Timing interval for best weak signal operation requires: FRACK (5),
MAXFRAME (1), RETRY (13), RESPTIME (10)

BUOY TNC CHANGES:

Transparent mode is required for file transfer of packet operations and require:
SBITCONY (ON) AWLEN (8), CONMODE (TRAN), ECHO (OFF) LCOK
(OFF) NEWMODELE (ON), PARITY (0), START (S13), and TRFLOW (ON)
Station recognition and identification require: BUDLIST (ON), LCALLS (NPSI,
NPS3L MRPT (O MYCALL (NPS2)

Timing mrterval for best weak signal operation require: FRACK (3), MAXFRAME
(L, RETRY (13), RESPTIME (1)




APPENDIX L. ANTENNA SPECIFICATIONS

Forward Gain

Front to Back Ratio

E-Piane Beamwidth

H-Piane Beamwidth

Side Lobe Attenuation

SWR Less Than

impedance

Recommended Stacking Distance
(boom to boom)

Weight

Length

Turning Radius

Wind Survival

Wind Surface Area

18.5 dBd

24 dB

2x17°

2x9°

greater than 60 dB
1.2:1 typical

50 ohms

H-Plane 1010”7 (3.3m)
22 Ib. (10 kg)

15 ft. (4.6m)

10 ft. (3m)

100+ MPH (160 * km/h)
4.0 sq. ft. (8 sq. m)

Figure 30.

Specifications for the Cushcralt Boomer Antenna.
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APPENDINX M. PICTURES OF ANTENNA TEST INSTALLATIONS AT
POINT SUR, CA
A. TLLUSTRATION OF THE BEACH TEST ANTENNA

For the {irst tesung period at Point Sur, CA. the Cushcraft model 230 WB antenna svs-

tem was split irto two sections. One section was mstalied on the beach and the other

section was mstalled at the top of Point Sur, neuar the left hand tower in the picture.




B.

ILLUSTRATION OF THE TEST ANTENNA ON THE TOP OF POINT SUR.

For both test periods at Point Sur, only half of the Cushceraft 230 WB antenna was used
as iilustrated below.




APPENDIN N, CUSHCRAFT 220 WB ANTENNA INSTALLATION AT
THE NPS MARS STATION

The antenna m Figure 1

'

v installed on the radio tower at the NPS MARS stauon in
the Lu Mesa housing areu. The antenna is on a heuding of 310 degrees, pointing to-
wards Davenport. CALn preperation for the antenna tilt test. This 1s the antenny con-

fiuration to be instailed at Point Sur, CAL on the tower illustrated in Figure 1S.
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